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Description 

BACKGROUND OF THE INVENTION 
5 Field of The Invention 

[0001] The present invention relates to a high density ethylene polymer and a method for producing the same. More 
particularly, the present invention is concerned with a high density ethylene polymer which is advantageous in that it 
has not only excellent mechanical properties, such as high impact resistance and high stiffness, but also excellent 
10 moldability, such as high melt flowability, and a method for producing the same. 

Prior Art 

[0002] High density ethylene polymers have been put into a wide variety of practical uses in the form of molded 
15 articles produced by various molding methods. For example, as a representative method for obtaining a molded film, 
there can be mentioned an inflation method in which a high density ethylene polymer is melted and the resultant molten 
polymer is extruded through a die while blowing air into the molten polymer being extruded, to thereby inflate the molten 
polymer extrudate. Further, as examples of methods for producing molded articles having desired shapes, there can 
be mentioned a blow molding method in which a high density ethylene polymer in the molten state is introduced into 
20 the cavity of a mold to form a molten polymer mass in the cavity. Air is blown into the molten polymer mass in the mold 
cavity, thereby causing the molten polymer mass to be expanded and pressed onto the inner wall of the cavity. Also 
an injection molding method is known in which a high density ethylene polymer in the molten state is injected under 
pressure into the cavity of a mold to fill the cavity. 

[0003] To all of these various molding methods for high density ethylene polymers, it is common that a melt-molding 
25 operation be performed in which a high density ethylene polymer Is.melted by heating and the resultant molten polymer 
is molded. Therefore, the behavior of the high density ethylene polymer at heat-melting, I.e., melt properties, are ex- 
tremely important in molding the high density ethylene polymer. 

[0004] Especially in the injection molding method, melt properties, especially melt flowability, of a high density eth- 
ylene polymer are crucially important for achieving a satisfactory molding. 
30 [0005] In the present invention, the term "melt flowability" means a property con^esponding to the extrusion load at 
extrusion of a molten resin through an extruder. As examples of Indices which can be used as a yardstick for melt 
flowability, there can be mentioned M|, Hf^\ and M|f^. 

[0006] In the present invention, M, means an MFR (melt flow rate) as measured at 190 °C under a load of 2.16 kg. 
H^y,, means an MFR as measured at 190 °C under a load of 21 .6 kg. M|r means the ratio of H^i to M), that is, H|y||/M|. 

35 [0007] In general, with respect to each of M|, H^^i and M|r, the larger the value, the higher the melt flowability. 

[0008] However, in practice, the desired properties of a polymer as a molding material vary depending on the molding 
method employed. Therefore, which index can be suitably used as a yardstick for melt flowability varies depending on 
the molding method employed. For example, in the Injection molding method, for surely obtaining a molded product 
having high impact resistance, there is a tendency to use a high density ethylene polymer having a narrow molecular 

40 weight distribution. In general, a high density ethylene polymer having a narrow molecular weight distribution has a 
small M|R, so that, as an index for melt flowability, M, and H^^, are mainly used. 

[0009] Conventionally, a high density ethylene polymer for use in the injection molding method has generally been 
produced by a polymerization using a Ziegler-Natta catalyst, which contains titanium, or using a chromium-containing 
catalyst. However, in general, a high density ethylene polymer produced by using such a conventional catalyst tends 
45 to have a broad molecular weight distribution, and it has been impossible to render a molecular weight distribution 
narrower than a certain breadth. In order to solve this problem, it has been attempted to improve the moldability of a 
high density ethylene polymer to be used for injection molding by lowering the molecular weight of the polymer so that 
the values M, and H^i can be increased. However, this attempt has led to a disadvantage in that the produced high 
density ethylene polymer virtually contains extremely low molecular weight components, so that the mechanical prop- 
so erties, such impact resistance, of the polymer are mari<edly lowered. That is, when good mechanical properties are 
desired, M| and the like cannot be largely Increased. This means that, for example, injection molding cannot be per- 
formed at a high rate. 

[0010] On the other hand, it has recently been found that when a catalyst system comprising a solvent-soluble tran- 
sition metal compound containing at least one halogen, such as bis(cyciopentadienyl)zirconium dichloride, and an 
55 aluminoxane is used for homopolymerization of ethylene or copolymerization of ethylene with an a-olefin, the catalyst 
system exhibits high polymerization activity. With respect to the details of this technique, reference can be made to, 
for example, Examined Japanese Patent Application Publication No. 4-12283 (corresponding to DE 3127133.2). Fur- 
ther, an improved technique over the technique disclosed in the above-mentioned Examined Japanese Patent Appll- 
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cation Publication No. 4-12283 is disclosed in, for example, Unexamined Japanese Patent Application Laid-Open 
Specification No. 60-35007. The catalyst system proposed in these prior art documents is attracting attention as the 
so-called metallocene catalyst system. By using such a metallocene catalyst system, an ethylene polymer having a 
narrow molecular weight distribution can be produced, wherein, when the ethylene polymer produced is an ethylene 

5 copolymer, the copolymer has not only a narrow molecular weight distribution, but also a narrow copolymerization 
distribution (i.e., nanrow distribution with respect to the proportions of different component monomer units constituting 
the copolymer). By virtue of having a nanrow molecular weight distribution, an ethylene polymer produced by using 
such a metallocene catalyst system has advantages in that it has high mechanical properties, such as high impact 
resistance, that it is substantially free of low molecular weight components and high molecular weight components 

10 (both of which pose problems, such as high tack and gellation), and that it has excellent properties, such as high 
resistance to solvent extraction and high transparency. Therefore, energetic researches have conventionally been 
made on the use of a metallocene catalyst system mainly for producing, for example, a linear low density ethylene 
polymer (LLDPE), a very low density ethylene polymer (VLDPE) and an ultralow density ethylene polymer (ULDPE). 
As mentioned above, on one hand, an ethylene polymer produced by using a metallocene catalyst system has such 

15 great advantages by virtue of the nanrow molecular weight distribution thereof; however, on the other hand, such an 
ethylene polymer has a problem in that it has an extremely poor moldability due to Its narrow molecular weight distri- 
bution. Because of this problem, conventionally, with respect to the development of the application of a metallocene 
catalyst system in production of high density ethylene polymers, which are required to have a good balance between 
mechanical properties and moldability, a remarkable progress has not yet been achieved. 

20 [001 1] In order to solve the above-mentioned problem, it has been proposed to broaden a molecular weight distri- 
bution by using, for example, a method in which use is made of a plurality of reactors or a method in which use is made 
of a plurality of types of metallocene catalysts in combination. Specifically, Unexamined Japanese Patent Application 
Laid-Open Specification No. 60-35008 proposes a method for rendering a broad molecular weight distribution wherein 
use is made of a mixture of at least two types of transition metal compounds as a catalyst. Further, a method for 

25 rendering a broad molecular weight distribution by using a customary multi-step polymerization process is known. For 
example. Unexamined Japanese Patent Application Laid-Open Specification No. 3-234717 discloses a method for 
improving the melt properties of a polymer, wherein a multi-step polymerization process is performed by using an olefin 
polymerization catalyst comprising a transition metal compound and an organoaluminumoxy compound. Further, for 
example, in Unexamined Japanese Patent Application Laid-Open Specification Nos. 61-57638, 6-49287, 6-136195 

30 and 6-206939, it is attempted to improve the moldability.of a polymer by taking a measure to broaden the molecular 
weight distribution. When these conventional methods for rendering a broad molecular weight distribution are used, 
the moldability is Improved; however, a lowering of other properties inevitably occurs, so that it becomes impossible 
to obtain a high density ethylene polymer product having excellent properties, such as high mechanical properties, 
which are achieved by a narrow molecular weight distribution. 

35 [0012] For example, EP-A-0 516 458 discloses a method for the production of an ethylene polymer or copolymer in 
the presence of a catalyst comprising : (A) a transition metal compound, such as bisindenylzirconium dichloride on bis 
(1 ,3-dimethylcyclopentadienyl) zirconium dichloride, (B) (b-1) an inorganic solid component having hydroxy groups on 
the surface thereof and, canried thereon, (b-2) an organoaluminoxy compound, and (C) an organoatuminum compound, 
such as triisobutylaluminum. However, the method is carried out in a manner wherein component (A) and (b-2), which 

^ are both carried on (b-1), and optionally (C) are introduced into a polymerization reaction system. This results in a (co) 
polymer which is unsatisfactorily compatible with mechanical properties (In particular, impact resistance and stiffness) 
and moldability. 

[001 3] In Unexamined Japanese Patent Application Laid-Open Specification Nos. 7-90021 and 7-97408, with respect 
to the production of a film by inflation molding, it is attempted to improve moldability, such as the stability of a bubble 
45 (i.e., a molten polymer tube inflated for forming a film therefrom), by a method in which melt tension is increased by 
maintaining a relatively high intrinsic viscosity. However, such a method has a problem in that a lowering of melt flow- 
ability inevitably occurs, so that it becomes difficult to perform molding at a high rate. 

[0014] In.order to solve these problems, in the production of an ethylene copolymer by using a metallocene catalyst, 
it has recently been attempted to produce an ethylene copolymer which is advantageous in that it not only has both a 

50 nan-ow copolymerization distribution and a nan-ow molecular weight distribution, but also has excellent melt properties. 
For example. International Patent Application Publication No. WO93/08221 proposes a method for producing an eth- 
ylene copolymer having improved melt flowability while maintaining a narrow molecular weight distribution thereof. In 
this proposed method, copolymerization is performed by using a specific metallocene catalyst to thereby cause the 
ethylene copolymer to have a long branched chain. However, such an ethylene copolymer has a problem in that, 

55 although the melt flowability is improved to some extent, the mechanical properties, such as impact resistance, are 
considerably lowered, as compared with those of an ethylene copolymer produced by using an ordinary metallocene 
catalyst. 

[0015] As described hereinabove, the prior art techniques have problems in that it is impossible to obtain an excellent 
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high density ethylene polymer having both excellent mechanical properties and high melt flowability. 
[0016] Therefore, if an excellent high density ethylene polymer having both excellent mechanical properties and high 
melt flowability Is obtained, the above-mentioned problems accompanying the ethylene polymer produced by using a 
titanium-containing Zlegler-Natta catalyst or a chromium-containing catalyst, and also the above-mentioned problems 
5 accompanying the ethylene polymer produced by using a conventional metallocene catalyst can be completely solved 
and the application fields of ethylene polymers can be greatly expanded. That is. such an excellent high density ethylene 
polymer is of extremely great commercial significance. 

SUMMARY OF THE INVENTION 

10 

[001 7] The present inventors have made extensive and Intensive studies with a view toward developing a novel high 
density ethylene polymer having both excellent mechanical properties and high melt flowability. As a result, It has 
surprisingly been found that, by using a specific metallocene catalyst selected from among the metallocene catalysts 
previously developed by the present inventors as olefin polymerization catalysts especially useful for producing a low 
15 density ethylene polymer (see International Patent Application Publication No. W095/15985), a high density ethylene 
polymer having both excellent mechanical properties and high melt flowability can be obtained, so that the obtained 
high density ethylene polymer can exhibit both extremely high mechanical strength and extremely excellent moldabillty. 
The present Invention has been completed, based on this novel finding. 

[0018] Accordingly, It is an object of the present invention to provide a high density ethylene polymer which Is ad- 
20 vantageous in that it has not only excellent mechanical properties, such as high Impact resistance and high stiffness, 
but also excellent moldabillty, such as high melt flowability. 

[0019] It is another object of the present Invention to provide a method for producing the above-mentioned excellent 
high density ethylene polymer effectively and efficiently. 

[0020] The foregoing and other objects, features and advantages of the present invention will be apparent from the 
25 following detailed description and appended claims taken in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] In the accompanying drawings: 

30 

Fig. 1 shows the relationship between the M| and the Izod impact strength with respect to each of the high density 
ethylene polymers of the present invention, in comparison with the relationship between those of each of the 
comparative ethylene polymers; 

Fig. 2 shows the relationship between the M| and the density with respect to each of the high density ethylene 
35 polymers of the present invention, in comparison with the relationship between those of each of the comparative 

ethylene polymers; 

Fig. 3 shows the relationship between the M| and the M|p with respect to each of high density ethylene polymers 
of the present invention, in comparison with the relationship between those of each of comparative ethylene pol- 
ymers; and 

40 Fig. 4 shows the molecular weight distribution curve (which is indicated by a bold line) of the high density ethylene 

polymer obtained in Example 1 , together with a plurality of Gaussian distribution curves (which are indicated by 
^ thin lines) obtained by the resolution of the molecular weight distribution curve. 

DESCRIPTION OF THE INVENTION 

45 

[0022] In one aspect of the present invention, there is provided a high density ethylene polymer comprising a 
homopolymer of ethylene, or a copolymer of ethylene with at least one comonomer selected from the group consisting 
of an a-olefin, a cyclic olefin, and linear, branched and cyclic dienes, and having the following properties (a) to (h): 

50 (a) a density d (g/cm^) of from 0.951 to 0.980; 

(b) an M, (g/10 minutes) of more than 5 and not more than 100, wherein M| is defined as the melt flow rate as 
measured at 190 °C under a load of 2.16 kg; 

(c) the ethylene polymer satisfying the following relationship: 

^ log a,^, ^ -0.844 log M, + 1.462 

wherein M| is as defined above, and ai^ represents the Izod impact strength (kgf-cm/cm^; 
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(d) the ethylene polymer satisfying the following relationship: 

log M,R ^ -0.094 log M, + 1.520 

5 

wherein M| is as defined above, and M|p represents the H|y^/M, ratio in which H,^, (g/10 minutes) is defined as the 
melt flow rate as measured at 190 °C under a load of 21.6 kg and M, is as defined above; wherein 

(e) the density d (g/cm^) and the M, (g/10 minutes) satisfy the following relationship: 

d ^ -0.00873 log M, + 0.972. 

and 

(f) said M|p is not less than 25 and not more than 40; 

15 (g) an Mw of 30,000 or more, wherein Mw is defined as a weight average molecular weight measured by gel 

penmeation chromatography; and 

(h) an Mw/Mn ratio in the range of from 5.0 to 10.0, wherein Mw and Mn, respectively, represent the weight average 
molecular weight and the number average molecular weight, each measured by gel permeation chromatography. 

20 [0023] The above-mentioned high density ethylene polymer is a novel high density ethylene polymer which has an 
excellent balance between various properties, such as impact resistance, stiffness and melt flowability. 
[0024] For easy understanding of the present invention, the essential features and various preferred embodiments 
of the present invention are enumerated below. 

25 1 . A high density ethylene polymer comprising a homopolymer of ethylene, or a copolymer of ethylene with at least 

one comonomer selected from the group consisting of an a-olefin, a cyclic olefin, and linear, branched and cyclic 
dienes, and having the following properties (a) to (h): 

(a) a density d (g/cm^) of from 0.951 to 0.980; 
30 (b) an M| (g/10 minutes) of more than 5 and not more than 100, wherein M, is defined as the melt flow rate as 

measured at 190 under a load of 2.16 kg; 

(c) the ethylene polymer satisfying the following relationship: 

log a^i ^ -0.844 log M, ■»• 1 .462 

35 

wherein M, is as defined above, and ai^ represents the Izod impact strength (kgf cm/cm^); 

(d) the ethylene polymer satisfying the following relationship: 

log M,R ^ -0.094 log M, + 1.520 

wherein M| is as defined above, and M|p represents the H^i/Mi ratio in which H|^| (g/10 minutes) is defined as 
the melt flow rate as measured at 190 '^C under a load of 21 .6 kg and M| is as defined above; wherein 
45 (e) the density d (g/cm^) and the M| (g/10 minutes) satisfy the following relationship: 

d g -0.00873 log M, + 0.972. 

50 and 

(0 the above-mentioned M|r is not less than 25 and not more than 40; 

(g) an Mw of 30,000 or more, wherein Mw is defined as a weight average molecular weight measured by gel 
permeation chromatography; and 

(h) an Mw/Mn ratio in the range of from 5.0 to 10.0, wherein Mw and Mn, respectively, represent the weight 
55 average molecular weight and the number average molecular weight, each measured by gel permeation chro- 
matography. 

2. The high density ethylene polymer according to item 1 above, which is an injection molding material. 
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3. The high density ethylene polymer according to items 1 or 2 above, wherein the density d is 0.955 or more. 

4. The high density ethylene polymer according to any one of items 1 to 3 above, which is a copolymer of ethylene 
with at least one comonomer selected from the group consisting of a €3-020 cyclic olefin. C4-C20 linear and cyclic 

5 dienes, C5-C20 branched dienes and an a-olefin represented by the formula H2C = CHR^s wherein js methyl, 

ethyl, a CyO^s linear, branched or cyclic alkyi group or a Ce-C2o aryl group, the comonomer being present in an 
amount of not more than 1 mole %, based on the total number of moles of all monomer units constituting the 
ethylene polymer. 

10 5. The ethylene polymer according to item 4 above, wherein. the comonomer is selected from the group consisting 

of propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetra- 
decene, 1-hexadecene, 1-octadecene, 1-eicosene, vinylcyclohexane, cyclopentene, cycloheptene, norbornene, 
5-methyl-2-norbornene, tetracyclododecene, 2-methyl-1 .4, 5.8-dimethano-1 ,2,3,4,4a,5,8,8a-octahydronaphtha- 
lene. 1 ,3-butadiene, 1 ,4-pentadiene, 1 ,5-hexadiene, 1 ,4-hexadiene, and cyclohexadiene. 

15 

6. A method for producing a high density ethylene polymer of item 1 above, which comprises homopolymerizing 
ethylene or copolymerlzing ethylene with at least one comonomer selected from the group consisting of an a- 
olefin, a cyclic olefin, and linear, branched and cyclic dienes, in the presence of a catalyst comprising the following 
components (A), (B) and (C): 

20 

(A) a transition metal compound represented by the formula (1) 

R^R^R^R'^M (1) 

25 

wherein: 

. M represents a transition metal selected from the group consisting of zirconium, titanium and hafnium; 
each of R^ and R^ independently represents: 

30 

an indenyl group which is unsubstituted or substituted with at least one substituent selected from the 
group consisting of a C1-C20 alkyI group, a C6-C20 aryl group, an aralkyl group having a C1-C20 alkyI 
group substituted with at least one C6-C20 aryl group, and an alkylaryl group having a C6-C20 aryl 
group substituted with at least one C1-C20 alkyI group, wherein each alkyI group is independently of 
a linear, a branched or a cyclic configuration and wherein at least one carbon atom of the at least one 
substituent is optionally replaced by a silicon atom, the substituted indenyl group optionally having a 
substitution In which at least two positions thereof together are substituted with one substituent group, 
having a valence of two or more, derived from a substituent selected from the at least one substituent, 
optionally having at least one substituent thereof bonded thereto through an oxygen, a nitrogen, a 
^ sulfur or a phosphorus atom; 

each of and R^ independently represents a hydrogen atom, a halogen atom, a C1-C20 alkyI group, a 
Ce-C2o aryl group, an aralkyl group having a C^-C2o alky! group substituted with .at least one Ce-C2o aryl 
group, an alkylaryl group having a C6-C20 aryl group substituted with a C1-C20 alkyI group, or a -SO3R5 
^5 group wherein R^ Is a C^Cq hydrocarbon group which is unsubstituted or substituted with at least one 

halogen atom, wherein each alkyI group is independently of a linear, a branched or a cyclic configuration 
and wherein at least one carbon atom of at least one of the alkyI, aryl, aralkyl and alkylaryl groups is 
optionally replaced by a silicon atom; and 
each of R1. R^, R^ and R^ is bonded to the transition metal M; 

50 

(B) an inorganic solid component comprising a particulate inorganic solid (b-1) having hydroxyl groups on a 
surface thereof and, carried thereon, an organoaluminumoxy compound (b-2) having repeating alkyloxyalu- 
minum units each represented by the formula (5) 

55 
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r6 

I 

(-Al-CH (5) 

5 

wherein represents a C^-C^2 linear, branched or cyclic alkyi group; and 
(C) an organoaiuminum compound, 

10 wherein components (B) and (C) are intimately mixed and contacted with each other to fonn an intimate mixture 
of components (B) and (C). and the intimate mixture and component (A) are separately Introduced into a system 
for homopolymerizing or copolymerlzing ethylene, followed by polymerization. 

7. The method according to item 6 above, wherein the component (C) is a compound represented by the follow- 
15 ing fonnula (6) or (7): 

Ri[AIX3^ (6) 

^ wherein R^ represents a Ci-C^2 linear, branched or cyclic alkyI group or a Cg-C2o aryl group; X represents a 

halogen atom or a hydrogen atom; and n is an integer of from 1 to 3; or 

25 

wherein R^ is as defined for formula (6); Y represents an -OR® group, an -OSiR^ group, an -AIR^^** Oroup, an -NrV 
group, an -SiR^^ group or an -N(R''3)aIR^^ group, wherein each of R®, R^, R^" and R^^ independently represents 
a C1-C12 alky! group or a C6-C20 aryl group, R^^ represents a hydrogen group, a C-1-C12 alkyI group, a C6-C20 aryl 
group or a silyl group which is unsubstituted or substituted with at least one CyC^2 alkyl group, and each of R^^ 
^ and Ri3 independently represents a C1-C12 alkyl group, with the proviso that each alkyI group is independently of 

a linear, a branched or a cyclic configuration; and n is 1 or 2. 

8. The method according to item 6 or 7 above, wherein, in the component (B), the particulate inorganic solid (b- 
1) having hydroxyl groups on the surface thereof is at least one member selected from the group consisting of 
Si02, AI2O3, MgO, Zr02. Ti02, B2O3, CaO, ZnO, BaO, V2O5, Cr203 and ThOj. 

9. The method according to item 6 or 7 above, wherein, in the component (B), the particulate inorganic solid (b- 
1) having hydroxyl groups on the surface thereof is silica. 

. 10. The method according to any one of items 6 to 9 above, wherein, in copolymerlzing ethylene, ethylene is 
copolymerlzed with at least one comonomer selected from the group consisting of a C3-C20 cyclic olefin, C4-C20 
linear and cyclic dienes, C5-C20 branched dienes and an a-olefin represented by the formula H2C = CHR^^ wherein 
Ri5 is methyl, ethyl, a OyC^Q linear, branched or cyclic alkyl group or a C6-C20 aryl group. 

^5 [0025] IHereinbelow. the high density ethylene polymer of the present invention is explained in detail. 

[0026] The high density ethylene polymer of the present invention essentially comprises a homopolymer of ethylene, 
or a copolymer of ethylene with at least one comonomer selected from the group consisting of an a-olefin, a cyclic 
olefin, and linear, branched and cyclic dienes. More particularly, the high density ethylene polymer of the present 
invention comprises a homopolymer of ethylene, or a copolymer of ethylene with at least one comonomer selected 

^ from the group consisting of an a-olefin represented by the fonnula H2C=CHR'>5 wherein R^s represents methyl, ethyl, 
a C3-C18 linear, branched or cyclic alkyl group or a C5-C20 aryl group; a C3-C20 cyclic olefin, C4-C20 linear, and cyclic 
dienes, and C5-C20 branched dienes. 

[0027] When the high density ethylene polymer of the present invention is a copolymer of ethylene with at least one 
comonomer, the content of the comonomer units in the high density ethylene copolymer Is preferably 1 mole % or less, 
^ more preferably 0.5 mole % or less, still more preferably 0.2 mole % or less, still more preferably 0.1 mole % or less, 
based on the total number of moles of all monomer units constituting the ethylene polymer. When the content of the 
comonomer units exceeds 1 mole %. the density of the ethylene copolymer is markedly lowered, so that practical 
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problems, such as a lowering of stiffness, are likely to arise. 

[0028] The high density ethylene polymer of the present invention has a density d (g/cm^) of not lower than 0.951 . 
When the density of the high density ethylene polymer is lower than 0.951 g/cm^, practical problems arise, such that 
the polymer does not have a satisfactorily high stifTness. The high density ethylene polymer of the present invention, 

5 which has a density of not lower than 0.951 g/cm^, exhibits a satisfactorily high stiffness from the practical viewpoint. 
The density of the high density ethylene polymer of the present invention is preferably not lower than 0.955 g/cm^, 
more preferably not lower than 0.960 g/cm^, still more preferably not lower than 0.965 g/cm^. 
[0029] On the other hand, the density of the high density ethylene polymer of the present invention is not higher than 
0.980 g/cm3. When the density of the high density ethylene polymer is higher than 0.980 g/cm^, the polymer has an 

10 excessively high degree of crystallinity, so that the polymer is.likely to suffer brittle fracture, which is practically disad- 
vantageous. It is preferred that the density of the high density ethylene polymer of the present invention be not higher 
than 0.975 g/cm^. 

[0030] In the present invention, the density of an ethylene polymer is measured as follows. A polymer strand, which 
has been obtained in the operation of the measurement of the MFR of the ethylene polymer at 1 90 °C under a load of 
15 2.16 kg, is heated at 120 ''C for 1 hour and then, gradually cooled.to room temperature. The cooled strand is subjected 
to a density measurement by means of a density-gradient tube. 

[0031] The high density ethylene polymer of the present invention has an Izod impact strength of 1 kgfcm/cm^ or 
more, and satisfies the following relationship: 

log a^i ^ -0.844 log M, + 1.462 

wherein a^i represents the Izod impact strength (kgf cm/cm^), and M, represents the melt flow rate as measured 
at 190 °C under a load of 2.16 kg. 
. 25 [0032] It is preferred that the high density ethylene polymer of the present invention satisfies the following relationship: 

log a,,, ^ -0.844 log M, -i- 1575 

30 wherein a^} and M| are as defined above. 

[0033] It is more preferred that the high density ethylene polymer of the present invention satisfies the following 
relationship: 

log By^ g -0.844 log M, + 1.700 

wherein ai^ and M| are as defined above. 
[0034] In general, when the M| of a polymer is increased, the polymer exhibits improved moldability, but the impact 
resistance of the polymer disadvantageously decreases. Therefore, when the M, of a polymer is increased for the 

40 purpose of improving the moldability thereof, it has conventionally been attempted to decrease the density of the pol- 
ymer by, for example, copolymerization, so as to prevent a lowering of the impact resistance of the polymer. However, 
the decrease in the density of an ethylene polymer, in turn, causes a lowering of the stiffness of the ethylene polymer, 
so that the application of such a density-decreasing technique is practically limited. By contrast, the high density eth- 
ylene polymer of the present invention surprisingly exhibits a satisfactorily high impact strength in spite of its high 

45 density. 

[0035] In the present invention, Izod impact strength (kgf cm/cm^) is measured in accordance with JIS K 7110. 
[0036] The high density ethylene polymer of the present invention has an M| (g/10 minutes) of more than 5 and not 
more than 100, wherein M| is defined as the MFR as measured at 190 under a load of 2.16 kg. 
[0037] When the high density ethylene polymer has an M, of not more than 5, a marked lowering of the moldability 
50 thereof occurs, so that the ethylene polymer cannot be practically employed as a material for Injection molding and 
the like. The high density ethylene polymer of the present invention has an M| of more than 5, so that it exhibits an 
excellent moldability. In a prefenred embodiment of the present invention, the high density ethylene polymer has an M| 
of preferably more than 10. 

[0038] Further, the high density ethylene polymer of the present Invention has an M( of not more than 100. When 
55 the high density ethylene polymer has an M| of more than 100, the ethylene polymer has an extremely poor impact 
resistance and hence cannot be practically used. For obtaining a more improved impact resistance, it is prefen-ed that 
the high density ethylene polymer has an M| of not more than 80, more preferably not more than 50, most preferably 
not more than 30. 
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[0039] The high density ethylene polymer of the present invention satisfies the following relationship: 

log M,f, ^ -0.094 log M, 1 .520 

5 

wherein M, is as defined above, and M|p represents the ratio in which H,^, (g/10 minutes) is defined as 
the MFR as measured at 190 °C under a load of 21.6 kg and M, is as defined above. 

[0040] By virtue of the M| and M|p which satisfy the above-mentioned relationship, the density of the high density 
ethylene polymer of the present invention can be satisfactorily high, so that Improved mechanical properties, such as 
10 high stiffness, can be achieved. 

[0041] In the present invention, when the high density ethylene polymer satisfies the following relationship: 



log IVI|R s -0.125 log M, + 1.574. 

15 

the ethylene polymer can achieve a further improvement in the mechanical properties thereof, such as stiffness. Further, 
when the high density ethylene polymer satisfies the following relationship: 

log M,R ^ -0.198 log M, + 1.698, 

the ethylene polymer can achieve still a further improvement in the mechanical properties thereof. 

[0042] In the present invention, M| and H|^| are measured in accordance with the condition E and condition F of the 

ASTiVI D1238, respectively. 

25 [0043] It is preferred.that the high density ethylene polymer of the present invention has an H^i of not less than 90 
and not more than 5,000. In the present invention, it Is more preferred that the ethylene polymer have an H|y^| of not 
less than 140 and not more than 3,000. 

[0044] Further, the high density ethylene polymer of the present Invention has an M,f^ of not less than 25 and not 
more than 40. In the present invention, it is preferred that the ethylene polymer has an Mjp of not less than 28, more 
30 preferably not less than 30. 

[0045] In the high density ethylene polymer of the present Invention, the density d (g/cm^) and the M| (g/1 0 minutes) 
satisfy the following relationship: 



d a -0.00873 log M, + 0.972. 

35 

[0046] As mentioned above, in general, when the M| of a polymer Is increased, the polymer exhibits an increased 
density and an improved moldability, but the impact resistance of the polymer is disadvantageously reduced. Therefore, 
when the M| of a polymer is increased for the purpose of improving the moldability thereof, it has conventionally been 

40 attempted to decrease the density of the polymer by, for example, copolymerization, so as to prevent a lowering of the 
impact resistance of the polymer. However, the decrease in the density of an ethylene polymer, in turn, causes a 
lowering of the stiffness of the ethylene. polymer, so that the application of such a density-decreasing technique is 
practically limited. The high density ethylene polymer of the present invention has a high impact resistance as compared 
to the conventional high density ethylene polymers. Therefore, even when the M, of the high density ethylene polymer 

45 is increased, the high impact resistance remains satisfactory. There is no need for lowering the density of the ethylene 
polymer for achieving a satisfactory impact resistance. In addition, because the high density ethylene polymer of the 
present invention satisfies the above-mentioned relationship between the density and M,, the ethylene polymer has 
an extremely good balance between various properties, such as stiffness, moldability and the like. 
[0047] In a more prefen-ed embodiment of the high density ethylene polymer of the present invention, the density d 

50 (g/cm3) and the M| (g/1 0 minutes) satisfy the following relationship: 



d ^ -0.00873 log M, + 0.976. 



55 [0048] The high density ethylene polymer of the present invention has an Mw of 30,000 or more, wherein Mw is 
defined as a weight average molecular weight measured by gel permeation chromatography (GPC) using a calibration 
curve obtained with respect to a standard polystyrenes. It is also preferred that the high density ethylene polymer has 
an Mw of not more than 500,000, more preferably not more than 300,000. still more preferably not more than 1 50.000, 
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still more preferably not more than 100,000, most preferably not more than 80,000. 

[0049] The high density ethylene polymer of the present invention has an Mw/Mn ratio of 5.0 or more, wherein Mw 
and Mn, respectively, represent the weight average molecular weight and the number average molecular weight, each 
measured by gel permeation chromatography (GPC) using a calibration curve obtained with respect to standard pol- 

5 ystyrenes. An Mw/Mn ratio is generally used as a yardstick of molecular weight distribution. In general, the larger the 
Mw/Mn ratio, the broader the molecular weight distribution and the more improved the moldability. In the present in- 
vention, the Mw/Mn ratio is more preferably 5.5 or more, still more preferably 6.0 or more, most preferably 7.0 or more. 
On the other hand, in the present invention, the Mw/Mn ratio is not more than 10.0. When the Mw/Mn ratio is too large, 
various disadvantages, such as a lowering of impact resistance, are likely to arise. In the present invention, the Mw/ 

10 Mn ratio is preferably not more than 9.5, more preferably not more than 9.0. 

[0050] Hereinbelow, the molecular weight distribution of the high density ethylene polymer of the present invention 
will be described in detail. 

[0051] In general, a molecular weight distribution curve of an ethylene polymer can be approximated by a Gaussian 
distribution curve. By using a computer, an optimized approximation of the molecular weight distribution curve can be 

19 achieved within a relatively short period of time. The approximation can be achieved using a single Gaussian distribution 
curve. However, in some cases, the precision of the approximation may be improved by overlapping a plurality of 
Gaussian distribution curves. When the molecular weight distribution curve is approximated by overlapping a plurality 
of Gaussian distribution curves, the plurality of Gaussian distribution curves may be regarded as being curves obtained 
by the resolution of the molecular weight distribution curve. In approximating the molecular weight distribution curve 

20 by the overlapping of a plurality of Gaussian distribution curves by using a computer, the results of the computer 
calculation for the optimization of the approximation may vary depending on the initial values set for the calculation 
and, hence, there is a defect such that the calculation is affected by arbitrariness to some extent. Nevertheless, this 
method is an effective method for approximately determining the shape of distribution curve showing the molecular 
weight distribution. 

25 [0052] When the molecular weight distribution curve of the high density ethylene polymer of the present invention is 
approximated by the above-mentioned technique using a plurality of Graussian distribution curves, the approximation 
can be performed by using at least two Gaussian distribution curves. It is recommended to use three Gaussian distri- 
bution curves in the approximation of the molecular weight distribution. In the present, invention, when the molecular 
weight distribution curve is approximated by using three Gaussian distribution curves, the area of a peak having a 

30 maximum peak area is represented by Sm. When one or more peaks are present on the high molecular weight side 
relative to the peak having a maximum peak area, the total of the one or more peaks on the high molecular weight 
side relative to the peak having a maximum peak area is represented by Sh. When one or more peaks are present on 
the low molecular weight side relative to the peak having a maximum peak area, the total area of the one or more 
peaks on the low molecular weight side relative to the peak having a maximum peak area is represented by SI. In the 

35 present invention, either Sh or SI can be 0. 

[0053] In approximating the molecular weight distribution curve by using three Gaussian distribution curves as men- 
tioned above, the three Gaussian distribution curves may be established so that Sm, Sh and SI satisfy the following 
relationships. That is, it is preferred that the ratio of Sh to Sm, i.e., Sh/Sm ratio, be less than 1, more preferably 2/3 or 
less, still more preferably 1/2 or less, still more preferably 1/3 or less, still more preferably 1/5 or less, most preferably 

40 1/10 or less. Further, it is preferred that the ratio of SI to Sm, i.e., Sl/Sm ratio, be less than 1, more preferably 2/3 or 
less, still more preferably 1/2 or less, still more preferably 1/3 or less, still more preferably 1/5 or less, most preferably 
1/10 or less. _ . . . ... 

[0054] The molecular weight distribution curves can be easily obtained by gel penneation chromatography (GPC) 
by using, for example, 150-C ALC/GPC, manufactured and sold by Waters Assoc. Co.. USA. 
45 [0055] The high density ethylene polymer of the present invention may have a critical shear stress of 4 x 10^ dyn/ 
cm2 or less, in terms of the minimum shear stress at which a gross melt fracture occurs. 

[0056] The term "gross melt fracture" means a state such that a polymer strand produced in the measurement of 
MFR suffers a vigorous melt fracture which adversely affects all portions (not only the surface) of the strand, thus 
causing a volumetric change in the entire body of the strand. With respect to the critical shear stress in terms of the 
50 minimum shear stress at which a gross melt fracture occurs, reference can be made to, for example. International 
Patent Application Publication No. WO 93/08221. 

[0057] In the high density ethylene polymer of the present invention, the critical shear rate in temis of the minimum 
shear rate at which a surface melt fracture occurs is not larger than 1.5 times that of a conventional high density 
ethylene polymer having the same M, and Mw/Mn as those of the high density ethylene polymer of the present invention. 
55 [0058] The high density ethylene polymer of the present invention can be produced, for example, by polymerizing 
ethylene or ethylene and a comonomer in the presence of an olefin polymerization catalyst comprising components 
(A), (B) and (C) described below. 

[0059] Thus, in another aspect of the present invention, there is provided a method for producing a high density 
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40 



45 



ethylene polymer of item 1 or 2 above, which comprises homopolymerizing ethylene or copolymerizing ethylene with 
at least one comonomer selected from the group consisting of an a-oleftn, a cyclic olefin, and linear, branched and 
cyclic dienes, in the presence of a catalyst comprising the following components (A), (B) and (C): 

(A) a transition metal compound represented by the formula (1) 



r^rVr^m (1) 



wherein: 



M represents a transition metal selected from the group consisting of zirconium, titanium and hafnium; 
each of R^ and R^ independently represents: 

an Indenyl group which is unsubstituted or substituted with at least one substituent selected from the group 
consisting of a alkyi group, a C6-C20 aryl group, an aralkyi group having a C1-C20 alkyi group 

substituted with at least one Cg-C2o aryl group, and an alkylaryl group having a C6-C20 ary' group substi- 
tuted with at least one C1-C20 alkyi group, wherein each alkyi group is independently of a linear, a branched 
or a cyclic configuration and wherein at least one carbon atom of the at least one substituent is optionally 
replaced by a silicon atom, the substituted indenyl group optionally having a substitution in which at least 
two positions thereof together are substituted with one substituent group, having a valence of two or more, 
derived from a substituent selected from the at least one substituent, the substituted indenyl group op- 
tionally having at least one substituent thereof bonded thereto through an oxygen, a nitrogen, a sulfur or 
a phosphorus atom, 

25 

each of R^ and R^ independently represents a hydrogen atom, a halogen atom, a C1-C20 alkyi group, a C5-C20 
aryl group, an aralkyi group having a C1-C20 alkyi group substituted with at least one C6-C20 aryl group, an 
alkylaryl group having a C6-C20 aryl group substituted with a C1-C20 alkyi group, or a -SO3R5 group wherein 
R5 is a C^-Cg hydrocarbon group which is unsubstituted or substituted with at least one halogen atom, wherein 
^ each alkyi group is independently of a linear, a branched or a cyclic configuration and wherein at least one 

carbon atom of at least one of the alkyi, aryl, aralkyi and alkylaryl groups Is optionally replaced by a silicon 
atom; and 

each of R^ R^, R3 and R"* is bonded to the transition metal M; 

(B) an Inorganic solid component comprising a particulate inorganic solid (b- 1 ) having hydroxyl groups on a surface 
thereof and, carried thereon, an organoaluminumoxy compound (b-2) having repeating alkytoxyaluminum units 
each represented by the formula (5) 



r6 



(5) 



wherein R^ represents a C^-C^2 linear, branched or cyclic alkyi group; and 
(C) an organoaluminum compound 

wherein components (B) and (C) are intimately mixed and contacted with each other to form an intimate mixture of 
^ components (B) and (C), and the intimate mixture and component (A) are separately introduced into a system for 
homopolymerizing or copolymerizing ethylene, followed by polymerization. 

[0060] In the present invention, by using the above-mentioned olefin polymerization catalyst comprising the above- 
mentioned specific transition metal compound, it has become possible to obtain the high density ethylene polymer of 
the present invention, which has various excellent properties as mentioned above. This is completely unexpected from 
conventionally known techniques, and very surprising. The reason why such a high density ethylene polymer having 
excellent properties can be obtained by the use of the above-mentioned catalyst has not yet been elucidated. However, 
the present inventors consider that the reason for this is as follows. The so-called "metallocene catalyst" is also called 
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a "single site catalyst". The single site catalyst has a single active species (the tenm "active species" means the type 
of a site which exhibits a catalytic activity, namely, an active site of the catalyst.). It has conventionally been known 
that, when the polymerization Is conducted using such a conventional metallocene catalyst, the resultant polymer has 
a very narrow molecular weight distribution. However, by use of the above-mentioned catalyst comprising the specific 

5 transition metal compound (A), it has unexpectedly become possible to obtain a polymer having a molecular weight 
distribution which is broader than that of the polymer obtained using a conventional metallocene catalyst. This is pre- 
sumed to be ascribed to the characteristic features of the above-mentioned catalyst, wherein the transition metal com- 
pound (A) can have at least two stereoisomeric configurations, and that the catalyst further comprises the inorganic 
solid component (B) and the organoaluminum compound (C). It is presumed that, due to this slightly broader molecular 

10 weight distribution, a good balance of the properties of the high density ethylene polymer, such as impact resistance, 
stiffness and moldability has been successfully achieved. However, as mentioned above, the specific reasons for this 
have not yet been elucidated. 

[0061] Herelnbelow, detailed explanation is made on a method for producing the high density ethylene polymer of 
the present invention. 

15 [0062] The term "polymerization" used herein frequently means not only homopolymerization but also copolymeri- 
zation, and the temn "polymer" used herein firequently means not only a homopolymer but also a copolymer. The tenm 
"polymerization" used herein is not intended to include a preliminary polymerization [(i.e., pre polymerization) which is 
conventionally carried out, prior to a polymerization for obtaining a final polymer, for the purpose of, for example, 
controlling the particle size or powder characteristics of a polymer, or alleviating a reduction in catalyst activity], but 

20 means only a full polymerization which is carried out for producing a polymer as a final product. The full polymerization 
is carried out under reaction conditions, including a reaction temperature and a reaction pressure, which are preferred 
from the commercial and economical points of view. Such a reaction temperature is generally 50 **C or more, preferably 
60 °C or more, and such a reaction pressure is generally 2 kg/cm^ or more, preferably 5 kg/cm^ or more. 
[0063] In the catalyst used in the method of the present invention for producing a high density ethylene polymer, 

25 component (A) represented by formula (1) may have a halogen atom as a substituent. Examples of such a halogen 
atom Include fluorine, chlorine, bromine and iodine. 

[0064] In the ligand represented by the formula -SOsR^ which is an example of a substituent in component (A) of 
formula (1), is a C^Cq hydrocarbon group, preferably a C^Cq linear, branched or cyclic alkyi group or a Cq-Oq aryl 
group, which Is unsubstituted or substituted with at least one halogen atom. Specific examples of ligands represented 
30 by the formula -SOsR^ include a p-toluenesulfonato group, a methanesulfonato group, a trifluoromethanesulfonato 
group and the like. 

[0065] It is preferred that the transition metal compound used as component (A) can assume two or more stereoi- 
someric configurations. 

[0066] It is prefen-ed that each of R^ and R^ be Independly an alkyI group, an aryl group, a halogen atom or the like. 
35 [0067] Examples of transition metal compounds of formula (1), wherein M represents zirconium, Include: 



bis(indenyl)zirconium dichloride, 
bis(methylindenyl)zirconium dichloride, 
bis(ethylindenyl)zirconium dichloride, 

^0 bis(propyllndenyl)zirconium dichloride, 

bis(butylindenyl)zirconium dichloride, 
bis(pentylindenyl)zirconium dichloride, 
bis(hexylindenyl)zirconium dichloride, 
bis(octylindenyl)zirconium dichloride, 

45 bis(phenylindenyl)zirconium dichloride, 

bis(methylphenylindenyl)zirconium dichloride, 
bis(ethylphenylindenyl)zirconium dichloride, 
bis(naphthylindenyl)zirconium dichloride, 
bis(methylnaphthylindenyl)zirconium dichloride, 

50 bis(dimethylindenyl)zirconlum dichloride, 

bls(dimethylpropylindenyl)zirconium dichloride, 
bis(methylethylindenyl)zirconium dichloride, 
bis(dimethylphenylindenyl)zirconium dichloride, 
bis(tolylindenyl)zirconium dichloride, 

55 bis(methyltolylindenyl)zirconium dichloride, 

bis(indenyl)zirconium dibromide, 
bis(indenyl)zlrconium bis(p-toluenesulfonato), 
bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride. 
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bis(benzoindenyl)zirconium dichloride, 
bis(methylben2oindenyl)2irconlum dichloride, and 
bis(dimethylbenzoindenyl)zirconium dichloride. 

5 [0068] When the above-mentioned transition metal compound has a substituent bonded to the indenyl ring, the 
substltuent can be bonded to the ring at an arbitrary position thereof. 

[0069] Further, alkyi groups, such as a propyl group or a butyl group, include isomers thereof, such as n-, Iso-, sec- 
and tert-isomers thereof. 

[0070] In the present invention, those transition metal compounds, which have the same structures as those of the 
10 above-mentioned zirconium compounds of formula (1) except that the zirconium is replaced by titanium or hafnium, 
can also be employed. 

[0071] With respect to component (B) of the catalyst used in the present invention, it is preferred that particulate 
inorganic solid (b-1) having hydroxyl groups on the surface thereof [hereinbelow, frequently referred to simply as "par- 
ticulate inorganic solid (b-1)" or "component (b-1)"] have a pore volume (PV: cm^/g) of from 0.4 to 1.4 cm^/g and a 
15 specific surface area (SA: m2/g) of from 150 to 800 m^/g, with the proviso that the pore volume (PV: cm^/g) and the 
specific surfece area (SA: m^/g) satisfy the following relationship. 



SA ^ -625 xPV+ 1100 (2) 

20 

[0072] As mentioned above, in the catalyst used in the present invention, it is preferred that the particulate inorganic 
solid (b-1) have a pore volume (PV: cm^/g) of from 0.4 to 1.4 cm^/g. 

[0073] When the pore volume of the particulate inorganic solid (b-1 ) is less than 0.4 cm^/g, the amount of an orga- 
noaluminumoxy compound carried on particulate inorganic solid (b-1) becomes very small so that the resultant catalyst 
25 cannot exhibit a satisfactorily high polymerization activity. Therefore, in the present invention, the pore volume of the 
particulate inorganic solid (b-1) is generally not less than 0.4 cm^/g, preferably not less than 0.5 cm^/g, more preferably 
not less than 0.6 cm^/g. 

[0074] When the pore volume of the particulate inorganic solid (b-1 ) is more than 1 .4 cm^/g, the total volume of voids 
in particulate inorganic solid (b-1) becomes very large, so that it becomes difficult to obtain a particulate inorganic solid 

30 having satisfactorily high mechanical strength. In this case, the particulate Inorganic solid is likely to be broken into 
dust during the polymerization, so that the resultant polymer contains dust fomried from the breakage of the particulate 
inorganic solid. As a result, various disadvantages are likely to be caused such that the powder characteristics of the 
polymer become poor, and that the bulk density of the polymer becomes low. Therefore, in the present invention, the 
pore volume of the particulate inorganic solid (b-1) Is generally not more than 1 .4 cm^/g, preferably not more than 1.2 

35 cm3/g, more preferably not more than 1.1 cm^/g, most preferably not more than 1.0 cm^/g. 

[0075] In the present invention. It is preferred that the particulate inorganic solid (b-1) has a specific surface area 
(SA: m2/g) of from 150 to 800 m2/g. 

[0076] When the specific surface area of the particulate Inorganic solid (b-1) is less than 150 m^/g, the amount of 
an organoaluminumoxy compound carried on the particulate inorganic solid (b-1), per unit weight of the particulate 

40 inorganic solid (b-1 ), becomes very small, so that the polymerization activity per unit weight of the particulate inorganic 
solid is likely to become low. Therefore, in the present invention, the specific surface area of the particulate inorganic 
solid (b-1 ) is generally not less than 1 50 m^/g, preferably not less than 200 m^/g, more preferably not less than 250 m^/g. 
[0077] When the specific surface area of the particulate Inorganic solid (b-1) is more than 800 m^/g. it becomes 
difficult to perform a uniform polymerization reaction over the entire surface of the catalyst. In this case, it is likely that 

45 a vigorous polymerization reaction locally occurs in the surface of the catalyst. As a result, various disadvantages are 
likely to be caused, such that the powder characteristics of the resultant polymer become poor, and that the bulk density 
of the polymer becomes low. Therefore, in the present invention, the specific surface area of particulate inorganic solid 
(b-1) is generally not more than 800 m2/g, preferably not more than 700 m2/g, more preferably not more than 600 m^/g. 
[0078] Further, in the present invention, It Is preferred that the particulate inorganic solid (b-1) has a pore volume 

50 (PV: cm^/g) and a specific sur^ce area (SA: rrfi/g) within the above-mentioned respective ranges, with the proviso 
that the pore volume (PV: cm^/g) and the specific surface area (SA: m^/g) satisfy the following relationship. 

SA ^ -625 xPV+ 1100 (2) 

55 

[0079] For example, In the case of particulate silica having a pore volume (PV: cm^/g) of 1.0 cm^/g and a specific 
surface area (SA: m^/g) of 300 m^/g, the value of the right side of fomiula (2) is 475, and the value of the left side of 
formula (2) Is 300. Therefore, the pore volume and specific surface area of this particulate silica satisfy the relationship 
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of formula (2). 

[0080] When the pore volume (PV: cm^/g) and the specific surface area (SA: m^/g) of the silica do not satisfy the 
relationship of fomriula (2), it is likely that the silica suffers fine cracking. The cracks continue to grow during the po- 
lymerization, leading to a breakage of the silica, so that the resultant polymer contains dust formed from the breakage 
5 of the silica. As a result, various disadvantages are likely to be caused, such that the powder characteristics of the 
polymer are lowered to a commercially undesirable level and, In some cases, the bulk density of the polymer becomes 
considerably low. 

[0081] Therefore, when particulate silica is used as the particulate inorganic solid (b-1) of the catalyst used in the 
present invention, it is preferred that the pore volume (PV: cm^/g) and the specific surface area (SA: m^/g) of the silica 
10 satisfy the relationship of formula (2), more preferably the relationship of the following formula (3): 

SA ^ -625 xPV+ 1000 (3). 

15 [0082] As mentioned above, particulate inorganic solid (b-1 ) of the catalyst used in the present invention has hydroxyl 
groups on the surface thereof. 

[0083] In the present invention, the hydroxyl groups on the surface of the particulate inorganic solid (b-1) are OH 
groups which are strongly bonded to the surface of the particulate inorganic solid even under polymerization conditions, 
and which, when heated at high temperatures, react with one another to generate H2O. Such hydroxyl groups are not 

20 simply adsorbed onto the surface of the particulate inorganic solid (b-1 ) but are chemically bonded to the surface matrix 
of the particulate Inorganic solid (b-1). For example, when silica having hydroxyl groups on the surface thereof is used 
as particulate Inorganic solid (b-1), it is considered that each hydroxyl group fomns an Si-OH bond with a silicon atom 
of the-silica. The hydroxyl group having such a chemical bond is not easily liberated from the silica, even when, for 
example, contacted with an inert solvent. 

25 [0084] In the present invention, the hydroxyl group content of the particulate inorganic solid (b-1) is determined by 
subjecting the particulate inorganic solid to heat treatment at 1000 °C under atmospheric pressure. The hydroxyl group 
content of particulate inorganic solid (b-1) is determined as a ratio (% by weight) of the weight decrease of the particulate 
inorganic solid which is caused by the heat treatment, relative to the weight of the particulate inorganic solid before 
the heat treatment. 

30 [0085] In the present invention, it is preferred that the hydroxyl group content of the particulate inorganic solid (b-1) 
be sufficient for bonding the organoaluminumoxy compound (b-2) having alkyi groups to the particulate inorganic solid 
(b-1). When the hydroxyl group content is too large relative to the amount of the organoaluminumoxy compound (b- 
2), the alkyI groups in the organoaluminumoxy compound (b-2) are destroyed by the hydroxyl groups, so that the 
resultant catalyst cannot exhibit a satisfactory catalytic activity. When the hydroxyl group content is too small, the 

35 bonding of the organoaluminumoxy compound to the particulate inorganic solid cannot be effectively performed. With 
respect to the mechanism of the bonding between the particulate inorganic solid (b-1) and the organoaluminumoxy 
compound (b-2), it is considered that a hydroxyl group on the particulate inorganic solid (b-1 ) reacts with an alkyl group 
in the organoaluminumoxy compound (b-2) to form an O-AI bond, thereby performing the bond between (b-1) and (b- 
2). For example, when silica as the particulate inorganic solid (b-1) is contacted with methylaluminoxane as the orga- 

40 noaluminumoxy compound (b-2), the generation of methane gas is observed. The reason for the generation of methane 
gas can be explained as follows. A methyl group in methylaluminoxane reacts with a hydroxyl group (OH group) on 
the surface of the silica, to thereby forni an O-Al bond and methane (CH4) which is released in a gaseous form. There- 
fore, when the hydroxyl group content of the particulate inorganic solid (b-1) is too small relative to the amount of 
organoaluminumoxy compound (b-2), the number of 0-Al bonds fomied by the reaction of a hydroxyl group on the 

45 particulate inorganic solid (b-1 ) with an alkyl group in the organoaluminumoxy compound (b-2) also becomes too small, 
so that it becomes difficult to strongly bond a desired amount of the organoaluminumoxy compound (b-2) to the par- 
ticulate inorganic solid (b-1). In the present invention, the molar ratio (OH/AI5.2) of a hydroxy! group (OH group) on the 
surface of the particulate inorganic solid (b-1) to aluminum (A\^2) '^^ organoaluminumoxy compound (b-2) is preferably 
in the range of from 0.01 to 1, more preferably from 0.05 to 0.7. 

50 [0086] For bonding the organoaluminumoxy compound (b-2) to the particulate inorganic solid (b-1) in a necessary 
and effective amount for polymerization, the hydroxyl group content of the particulate inorganic solid (b-1) is preferably 
not less than 0.5 % by weight, more preferably not less than 1 % by weight. However, when the hydroxyl group content 
of the particulate inorganic solid (b-1 ) is too large, the polymerization activity of the resultant catalyst is likely to become 
low. The reason for this has not been elucidated yet, but is considered to be as follows. When the hydroxyl group 

55 content is too large, the sites for reaction with the alkyl groups in the organoaluminumoxy compound (b-2) are caused 
to be excessively present on the surface of the particulate inorganic solid (b-1), so that the effect of the organoalumi- 
numoxy compound as an auxiliary catalyst for the polymerization is lowered. That is, when the hydroxyl group content 
on the surface of the particulate inorganic solid (b-1) Is too large, the polymerization activity of the resultant catalyst is 
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likely to be lowered. Therefore, in the present invention, the upper limit of the hydroxyl group content is preferably 15 

% by weight, more preferably 12 % by weight, most preferably 10 % by weight. 

[0087] In the present invention, the hydroxyl group content of the particulate inorganic solid (b-1) can be adjusted to 
a predetermined level within the range of from 0.5 to 15 % by weight, by subjecting a particulate inorganic solid having 

5 hydroxyl groups on the surface thereof to heat treatment at an appropriate temperature. This heat treatment is advan- 
tageously employed when the hydroxyl group content of component (b-1) is more than 15 % by weight, or when It is 
desired to further lower the hydroxyl group content of component (b-1) having a hydroxyl group content of less than 
15 % by weight. The heat treatment for adjusting the hydroxyl group content of particulate inorganic solid (b-1) is 
conducted preferably at 150 °C or more, more preferably 200 or more, and preferably 1000 °C or less, more pref- 

10 erably 800 °C or less. 

[0088] In the present invention, also by contacting a particulate inorganic solid (b-1) having hydroxyl groups on the 
surface thereof with an organoaluminum compound, a particulate inorganic solid (b-1) having a hydroxyl group content 
adjusted to a predetermined level can be obtained. With respect to the temperature at which a particulate inorganic 
solid (b-1) having hydroxyl groups on the surface thereof is contacted with an organoaluminum compound, there is no 

15 particular limitation. However, it Is preferred that the contact be conducted at room temperature or at an elevated 
temperature of 100 ""C or less. The reason why the adjustment of the hydroxyl group content of a particulate inorganic 
solid (b-1) can be performed by contacting the particulate inorganic solid (b-1) with an organoaluminum compound is 
believed to reside in that the hydroxyl groups react with the organoaluminum compound, so that the hydroxyl groups 
are rendered chemically inactive. 

20 [0089] In the present invention, the use of an organoaluminum compound also has an advantage in that the amount 
of the organoaluminumoxy compound (b-2) to be used can be reduced. 

[0090] An example of the organoaluminum compounds which can be used in the present invention Is one which Is 
represented by the following fonmula (4): 

R^AIXg^ (4) 



wherein RS represents a Ci-C-|2 linear, branched or cyclic alkyi group or a Cg-C2o aryl group; X represents a 
halogen atom or a hydrogen atom; and 
30 n is an integer of from 1 to 3. 

[0091] Examples of in fonmula (4) include a methyl group, an ethyl group, an n-propyl group, an isopropyl group, 
an isobutyl group, a pentyl group, a hexyl group, an octyl group, a cyclopentyl group, a cyclohexyl group, a phenyl 
group and a tolyl group. 

[0092] Specific examples of organoaluminum compounds defined above include a trialkylaluminum, such as trimeth- 
35 ylaluminum, triethylaluminum, triisopropylaluminum, triisobutylaluminum, trioctylaluminum, or tri 2-ethylhexylalumi- 
num; an alkenylaluminum. such as isoprenylaluminum; a dialkylaluminum halide, such as dimethylaluminum chloride, 
diethylaluminum chloride, diisopropylaluminum chloride, diisobutylaluminum chloride, or dimethylaluminum bromide; 
an alkylaluminum sesquihalide, such as methylaluminum sesquichloride, ethylaluminum sesquichloride, isopropylalu- 
minum sesquichloride, butylaluminum sesquichloride, or ethylaluminum sesquibromide; an alkylaluminum dihalide, 
40 such as methylaluminum dichloride, ethylaluminum dichloride, isopropylaluminum dichloride, and ethylaluminum di- 
bromide; and a dialkylaluminum hydride, such as diethylaluminum hydride, or diisobutylaluminum hydride. 
[0093]- In the present invention, when an organoaluminum compound is used for adjusting the hydroxyl group content 
of the surtece of a particulate inorganic solid (b-1) to a predetermined level, the amount of the organoaluminum com- 
pound to be used is such as would provide an AIr/OH molar ratio of 1 or less, wherein Alp is the amount of the aluminum 
45 contained in the organoaluminum compound and OH is the amount of the hydroxyl groups on the surface of the par- 
ticulate inorganic solid. 

[0094] In the present invention, when an organoaluminum compound is used for adjusting the hydroxyl group content 
of the surface of a particulate inorganic solid (b-1) to a predetennlned level, the adjustment is usually conducted by 
contacting the particulate inorganic solid (b-1 ) with the organoaluminum compound. The resultant particulate inorganic 

50 solid (b-1) having the hydroxy group content adjusted to a predetermined level is contacted with the organoaluminu- 
moxy compound (b-2), thereby bonding the organoaluminumoxy compound (b-2) to the particulate inorganic solid (b- 
1). Alternatively, the adjustment can be conducted by contacting a particulate inorganic solid (b-1) with a mixture of 
organoaluminumoxy compound (b-2) and the organoaluminum compound, so that the bonding of the organoaluminu- 
moxy compound (b-2) to the particulate inorganic solid (b-1) can be conducted, simultaneously with the adjustment of 

55 the hydroxyl group content of the particulate Inorganic solid (b-1 ). 

[0095] As mentioned above, when the adjustment of the hydroxyl group content of the particulate inorganic solid (b- 
1) is perfomied by heating without using an organoaluminum compound, the molar ratio (OH/AI5.2) of a hydroxyl group 
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(OH group) on the surface of the particulate inorganic solid (b-1) to aluminum (Alb.2) in organolauminumoxy compound 
(b-2) is preferably in the range of from 0.01 to 1 , more preferably from 0.05 to 0.7. When the organoaluminum compound 
is used in adjusting the hydroxy! group content of the surface of a particulate inorganic solid to a predetermined level, 
the sum of the molar amount of aluminum (Alb.2) organoaluminumoxy compound (b-2) and the molar amount of 

5 aluminum (Al;^) in the organoaluminum compound is taken as the molar amount of Al^2 calculating the molar ratio 
(0H/Alt,.2) hydroxy! groups (OH) on the surface of the particulate inorganic solid to the aluminum (Al^2) 
organoaluminumoxy compound (b-2). Accordingly, in the present invention, when the organoaluminum compound is 
used in adjusting the hydroxy! group content of the surface of a particulate inorganic solid to a predetermined level, 
with respect to the molar ratio tOH/(A!j,.2 + AlR)].of the hydroxy! groups (OH) on the surface of the particulate inorganic 

10 solid to the surn of the molar amount of aluminum (A\^2) organoaluminumoxy compound (b-2) and the molar amount 
of aluminum (Alp) in the organoalurninum compound, the upper limit is preferably 1, more preferably 0.7, and the lower 
limit is preferably 0.01, more preferably 0.05. 

[0096] In the present invention, when an organoaluminum compound is used for adjusting the hydroxy! group content 
of the surface of a particulate inorganic solid to a predetermined level, the molar ratio (AlR/Alb.2) of the aluminum (Alp) 
15 in the organoaluminum compound to the aluminum (Al^2) organoaluminumoxy compound (b-2) is preferably 1 or less. 
[0097] As described above, in the present invention, it is preferred that, the particulate inorganic solid (b-1) having 
hydroxy! groups on the surface thereof has a pore volume (PV: cm^/g) of from 0.4 to 1.4 cm^/g and a specific surface 
area (SA: m^/g) of from 150 to 800 m^/g, with the proviso that the pore volume (PV: cm^/g) and the specific surface 
area (SA: m^/g) satisfy the relationship represented by the formula (2). 

20 

SA g -625 xPV+ 1100 (2) 

By using a particulate inorganic solid (b-1) satisfying the above conditions, an organoaluminumoxy compound (b-2) 
25 can be especially strongly bonded to the particulate inorganic solid (b-1 ), and a polymer containing no very fine particles 
and exhibiting excellent powder characteristics and a high bulk density can be very effectively produced without con- 
ducting a preliminary polymerization. 

[0098] As a material for the particulate Inorganic solid (b-1), a particulate inorganic porous material is preferred. 
Examples of main components of particulate inorganic porous materials include oxides, such as Si02, AI2O3, MgO, 

30 Zr02, Ti02, B2O3, CaO, ZnO, BaO, V2O5, Cr203, and Th02. These oxides are used individually or in mixture thereof, 
or in the fomi of a composite oxide thereof. Examples of such composite oxides include SI02-MgO, Si02-Al203, Si02- 
Ti02, Si02-V205, Si02-Cr203, and Si02-Ti02-MgO. It is preferred tiiat the main component of the material for the 
particulate inorganic solid (b-1 ) be at least one compound selected from the group consisting of Si02. AI2O3 and MgO. 
[0099] In the present invention, among the above-mentioned examples of materials for the particulate inorganic solid 

35 (b-1), a particulate silica composed mainly of Si02 is especially preferred. 

[0100] With respect to a method for preparing such a particulate silica, there is no particular limitation, but a sol-gel 
process is preferred. In the present invention, the term "sol-gel process" means a process in which solation and gelation 
are conducted to obtain a particulate silica. The sol-gel process comprises, for example, reacting a solution of sodium 
silicate with sulfuric acid to form silicic acid, subjecting the fomied silicic acid to polycondensation to thereby fomri a 

40 silicate polymer in the form of a colloidal silica (silica hydrosol). subjecting the obtained silica hydrosol to gelation to 
thereby obtain a silica hydrogel, and drying the silica hydrogel to thereby produce a silica xerogel. By combining such 

~ . . a sol-gel process with another process, such as a hydrothermal process, various properties of a particulate silica, such 
as a pore volume, a specific surface area, a particle morphology and a particle size, can be controlled relatively easily. 
It is also possible to control the chemical properties of the particulate silica by incorporating therein elements other 

45 than silicon, such as aluminum and titanium, in the fomi of individual oxides thereof. Therefore, in the present invention, 
a particulate silica may contain such additives, that is, aluminum oxide, titanium oxide and the like. 
[0101] In the present invention, with respect to the shape of the particulate inorganic solid (b-1). there is no particular 
limitation, but a spherical shape is preferred. In the present Invention, the tenn "spherical shape" means a shape which 
has no edges and is close to a sphere as a whole. 

50 [0102] In the present invention, the average particle diameter of the particulate inorganic solid (b-1 ) is 5 ^m or more, 
preferably 10 ^m or more, and 200 [im or less, preferably 100 \m or less. 

[0103] A particulate silica having such a spherical shape and such an average particle diameter can be obtained 
easily by the above-mentioned sol-gel process. 

[0104] In the present invention, the organoaluminumoxy compound (b-2) [hereinbelow. frequentiy referred to simply 
55 as "component (b-2)"] is an aluminoxane having repeating alkylaluminumoxy units each represented by the fonnula (5) 
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H-Al-OH (5) 

5 

wherein represents a C1-C12 linear, branched or cyclic alkyi group. 
[0105] Representative examples of R^ in the fomnula (5) include a methyl group, an ethyl group, an n-propyl group, 
an isopropyl group, an n-butyl group, an isobutyl group, a pentyl group, a hexyl group, an octyl group, a decyl group, 

10 a cyclohexyl group and a cyclooctyl group. Among these, a methyl group and an ethyl group are prefered, and a 
methyl group Is especially preferred. Representative examples of organoaluminumoxy compounds having repeating 
alkylaluminumoxy units of a single type represented by the formula (5) include methylaluminoxane, ethylaluminoxane, 
n-propylalumlnoxane, isopropylalumlnoxane, n-butylaluminoxane, isobutylaluminoxane, pentylaluminoxane, hexyla- 
luminoxane, octylaluminoxane, decylalumlnoxane, cyclohexylaluminoxane and cyclooctylaluminoxane. Among these, 

15 methylaluminoxane. ethylaluminoxane and isobutylaluminoxane are preferred, and methylaluminoxane is especially 
preferred. In the present invention, the organoaluminumoxy compound having repeating alkylaluminumoxy units each 
represented by the fomnula (5) is not limited to an organoaluminumoxy compound having repeating alkylaluminumoxy 
units of one type represented by the formula (5), but may have two or more different types of repeating alkylaluminumoxy 
units each represented by the formula (5). Examples of such organoaluminumoxy compounds having two or more 

20 different types of repeating alkylaluminumoxy units each represented by the formula (5) include ethylmethylaluminox- 
ane. methylpropylaluminoxane and butylmethylaluminoxane. The respective proportions of individual types of repeat- 
ing alkylaluminumoxy units in such an organoaluminumoxy compound can be arbitrarily selected between 0 % and 
100 %. A plurality of types of organoaluminumoxy compounds each having repeating alkylaluminumoxy units of a 
single type each represented by the formula (5), may be used in combination. Examples of such combinations include 

25 a mixture of methylaluminoxane and ethylaluminoxane. a mixture of methylaluminoxane and n-propylaluminoxane, 
and a mixture of methylaluminoxane and isobutylaluminoxane. 

[0106] The degree of polymerization of an aluminoxane is generally from 2 to 100, preferably from 4 to 40. 
[0107] In the present invention, the organoaluminumoxy compound (b-2) to be used as an auxiliary catalyst may 
contain unreacted chemical substances derived from the raw materials used in the synthesis of component (b-2). As 

30 is well known, an organoaluminumoxy compound is synthesized generally by reacting a triaikylaiuminum with H2O, 
and a part of these starting materials may remain unreacted. An organoaluminumoxy compound, which contains these 
unreacted materials in an amount of less than 50 % by weight, can be used as component (b-2). Specifically, for 
example, methylaluminoxane is synthesized by reacting trimethylaluminum with H2O, and a part of at least one of 
these starting materials may remain unreacted and thus be contained in the obtained methylaluminoxane. In the above- 

35 mentioned synthesis method of an organoaluminumoxy compound, triaikylaiuminum is generally used in an amount 
larger than that of H2O so that the triaikylaiuminum, as an unreacted material, tends to be contained in the obtained 
organoaluminumoxy compound. In the present invention, two or more types of triaikylaiuminum may be contained in 
the organoaluminumoxy compound. 

[0108] In the present invention, the inorganic solid component (B) [hereinbelow, frequently refenred to simply as 
40 "component (B)"] comprising a particulate inorganic solid (b-1) having hydroxyl groups on the surface thereof and, 
carried thereon, an organoaluminumoxy compound (b-2), can be prepared by contacting the particulate inorganic solid 
. (b-1) with the organoaluminumoxy compound (b-2). It is considered that, by the contacting, component (b-1) reacts 
with component (b-2). 

[0109] Such a reaction can be easily advanced by mixing and heating the particulate inorganic solid (b-1) and the 

45 organoaluminumoxy compound (b-2) in an inert hydrocarbon medium. 

[01 10] Representative examples of such inert hydrocarbon media include aliphatic hydrocarbons, such as propane, 
butane, pentane. hexane, heptane, octane, decane, dodecane and kerosine; alicyclic hydrocarbons, such as cyclopen- 
tane. cyclohexane and methylcyclopentane: aromatic hydrocarbons, such as benzene, toluene and xylene; halogen- 
ated hydrocarbons, such as ethyl chloride, chlorobenzene and dtchloromethane; and mixtures of them. 

50 [0111] In mixing component (b-1) with component (b-2) in an inert hydrocarbon medium, it is preferred that the 
amount of component (b-2) be in the range of from 10-^ to 1 mol per g of component (b-1), more preferably from IQ-^ 
to 10"^ mol per g of component (b-1), and that the concentration of component (b-2) in the inert hydrocarbon medium 
be in the range from 5 x 10~^ to 5 nriol/liter, more preferably from 0.1 to 3 mol/llter. 

[0112] In the present invention, the molar amount of component (b-2) is calculated on the assumption that one alky- 
55 lalumlnumoxy unit represented by fomnula (5) is one molecule. Therefore, 1 mol of component (b-2) contains 1 gram- 
atom of aluminum, 

[01 13] In mixing component (b-1) with component (b-2), the reaction temperature is generally in the range of from 
-50 to 150 ^C. preferably from -20 to 120 °C. However, it is not necessary to maintain the temperature within the above 
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range during the mixing. Since the reaction of component (b-1) with component (b-2) is exothermic, it is preferred that 
the reaction temperature be controlled to a level as low as possible at the early stage of the reaction, and then elevated 
at the late stage of the reaction in order to complete the reaction. Specifically, the temperature at the early stage of the 
reaction is preferably in the range of from -50 to 50 *'C, more preferably of from -20 to 30 °C, and the temperature at 
5 the late stage of the reaction is preferably in the range of from 50 to 1 50 ''C. more preferably of from 60 to 1 20 ""C. The 
contact time between component (b- 1 ) and component (b-2) is generally in the range of from 0.5 to 1 00 hours, preferably 
from 1 to 50 hours. 

[01 14] In the present invention, the larger the atomic ratio (^1^2^*^) 0^ aluminum (Alb_2) component (b-2) to the 
transition metal (M) in component (A), the higher the catalytic activity becomes, thus leading to an advantage from an 

10 economical view point. However, component (b-2) is generally expensive and, therefore, when the above-mentioned 
atomic ratio is excessively high, the economic advantage becomes rather low. Therefore, with respect to the atomic 
ratio (AI1J.2/M) of the aluminum (Altj.2) component (b-2) to the transition metal (M) in component (A), the upper limit 
is preferably 2,000, more preferably 1,000, most preferably 500, and the lower limit is preferably 10, more preferably 
20, still more preferably 30, most preferably 100. 

15 [0115] The amount of the organoaluminumoxy compound (b-2) carried on the particulate inorganic solid (b-1) is 
preferably in the range of from 0.5 to 500 mmol, more preferably from 1 to 50 mmol, most preferably from 3 to 30 mmol 
per g of component (b-1), in terms of the amount of aluminum {A\^2) component (b-2). 

[0116] In the present invention, examples of organoaluminum compound (C) [hereinbelow, frequently referred to 
simply as "component (C)"] include an organoaluminum compound represented by the formula (6) 

20 

r\a\X^ (6) 



wherein represents a CyC^2 ''near, branched or cyclic alkyi group or a Ce-C2o a^i group; X represents a 
25 halogen atom or a hydrogen atom; and n is an integer of from 1 to 3. 

[0117] Representative examples of R^ in the formula (6) include a methyl group, an ethyl group, an n-propyl group, 
an isopropyl group, an isobutyl group, a pentyl group, a hexyl group, an octyl group, a cyclopentyl group, a cyclohexyl 
group, a phenyl group and a tolyl group. 

[0118] Illustrative examples of organoaluminum compounds of formula (6) include trialkylaluminums, such as tri- 
30 methylaluminum, triethylaluminum, triisopropylaluminum, triisobutylaluminum, trioctylaluminum and tri-2-ethylhexyla- 
luminum; alkenylaluminums, such as isoprenylaluminum; dialkylaluminum halides, such as dimethylaluminum chloride, 
diethylaluminum chloride, diisopropylaluminum chloride, diisobutylaluminum chloride and dimethylaluminum bromide; 
alkylatuminum sesquihalides, such as methylaluminum sesquichloride. ethylaluminum sesquichloride, isopropylalumi- 
num sesquichloride, butylaluminum sesquichloride and ethylaluminum sesquibromide; alkylaluminum dihalides, such 
35 as methylaluminum dichloride, ethylaluminum dichloride, isopropylaluminum dichloride and ethylaluminum dibromide; 
and dialkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 
[0119] As another example of component (C), a compound represented by the following fomnula (7) can be men- 
tioned: 

40 7 

R nAIYa^ (7) 

wherein R^ is as defined for formula (6); Y represents an -OR^ group, an -OSiR^ group, an -OAIR^° group, an 
-NR^ ^ group, an -SiR^^ group or an - N(R13)AIR^^ group, wherein each of R®, R^, R''^ and R^'* independently represents 
^5 a CyC^2 a"^y' group or a C6-C20 aryl group, F^^ represents a hydrogen atom, a CyC^2 a'kyl group, a C6-C20 aryl 
group, or a silyl group which is unsubstituted or substituted with at least one CyC^2 alkyI group, and each of R''^ and 
Ri3 independently represents a CyC^2 a'M group, with the proviso that each alkyI group independently possesses a 
linear, a branched or a cyclic configuration; and n is 1 or 2. 

[0120] Illustrative examples of organoaluminum compounds represented by fomnula (7) include the following com- 
50 pounds: 

(i) compounds represented by the formula: R^nAI(0RS)3^ (for example, dimethylaluminum methoxide, diethylalu- 
minum ethoxide and diisobutylaluminum methoxide and the like); 

(ii) compounds represented by the fomnula: R^nAI(OSiR93)3.n [for example, EtjAKOSIMca), (iso-Bu)2AI(OSiMe3). 
55 (iso-Bu)2AI(OSiEt3) and the like]; 

(iii) compounds represented by the formula: R^nAKOAIRiOjja-n V^r example, Et2AIOAIEt2. (iso-Bu)2AIOAI(iso-Bu)2 
and the like]; 
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(iv) compounds represented by the fonmula: R^n^KNR^^ 2)3-0 V^^ example, Me2AINEt2, Et2AINHMe, Me2AINHEt, 
Et2AIN(SiMe3)2, (iso-Bu)2AIN(SiMe3)2 and the like]; 

(v) compounds represented by the fonmula: R^nAI(SiR^ 2^)3.0 [for example, (jso-Bu)2AISiMe3 and the like]: and 

(vi) compounds represented by the formula: 

R7^Al(NAlR"2)3-n 
r13 

[for example, 

Et2AlNAlEt2r 
Me 

( iso-Bu ) 2AINAI ( Iso-Bu } 2 
Et 

and the like]. 

[0121] In the above formulae, Me, Et and Bu represent a methyl group, an ethyl group and a butyl group, respectively. 
[0122] Of the organoaluminum compounds represented by formula (6) and those represented by fomriula (7), R^sAI, 
R7nAf(OR®)3^, and R^pAKOAIR 102)3^ are preferred. Further, each of these compounds, wherein is an isoalkyi group 
and n is 2 or 3, is especially preferred. The above organoalminum compounds can be used individually or in any 
combination. 

[0123] In the present invention, the atomic ratio (Alc/Alb.2) of aluminum (Ay in the organoaluminum compound (C) 
to aluminum (Alt>_2) in the organoaluminumoxy compound {b-2) is generally from 0.01 to 5, preferably from 0.02 to 3. 
[0124] In the present invention, by the use of the organoaluminum compound (C) in the polymerization catalyst, a 
high polymerization activity can be achieved. The reason for this is considered to reside in that component (C) faciliates 
the alkylation of component (A). Further explanation is made below with respect to this effect achieved by the use of 
component (C). 

[0125] In the preparation of a catalyst, when a particulate inorganic solid (b-1) having the hydroxyl group content 
adjusted to a predetermined level which is prepared by contacting a particulate inorganic solid having hydroxyl groups 
on the surface thereof with an organoaluminum compound is used, a polymerization activity can be exerted to some 
extent, even without separately adding organoaluminum compound (C). The reason for this is considered to reside in 
that, due to some factors, such as non-uniformity of the reaction [for preparing component (B)] betwen the particulate 
inorganic solid and the organoalumium compound, the resultant reaction mixture contains the unreacted organoalu- 
minum compound which facilitates the alkylation of the transition metal compound. However, for obtaining a catalyst 
capable of effectively and stably exerting high polymerization activity, the use of a separate component (C) of the 
polymerization catalyst as defined in the present invention is required. One of the reasons for this resides in that, by 
use of component (C) in the polymerization catalyst, it becomes possible to neutralize or negate impurities which 
adversely affect the polymerization. Such neutralization or negation is practically equivalent to elimination of the im- 
purities. Therefore, the catalyst can stably exert satisfactorily high polymerization activity during the polymerization. 
Furthemiore, component (C) is effective for suppressing aggregation of the polymer. The reason for this is considered 
to reside in that component (C) serves to suppress generation of static electricity during the polymerization. However, 
the exact mechanism of the aggregation suppression has not yet been fully elucidated. 

[0126] By use of the above-mentioned olefin polymerization catalyst comprising components (A), (B) and (C) de- 
scribed above, the homopolymerization of ethylene or the co polymerization of ethylene with a comonomer can be 
advantageously carried out to thereby obtain the high density ethylene polymer of the present invention. 
[0127] With respect to the method for producing the high density ethylene polymer of the present invention, which 
is conducted in the presence of the olefin polymerization catalyst comprising the above-mentioned components (A), 
(B) and (C), detailed explanation is made below. 

[0128] As to how to combine components (A), (B) and (C) and fomi the olefin polymerization catalyst to be used in 
a system for homopolymerizing or copolymerizing ethylene, there can be mentioned a method in which an intimate 
mixture of components (B) and (C) is formed, and the intimate mixture and component (A) are separately introduced 
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into the system for homopolymerizing or copolymerizing ethylene, to thereby effect the polymerization reaction. 
[0129] This method is advantageous not only in that a high polymerization activity can be achieved, but also In that 
such a high polymerization activity can be stably maintained during the polymerization. 
' [0130] In the method for producing the high density ethylene polymer of the present invention, when ethylene is 

s copolymerized with a comonomer, the comonomer Is generally used In an amount of not more than 1 mol %, preferably 
not more than 0.5 mol %, more preferably not more than 0.2 mol %, still more preferably not more than 0.1 mol %, 
based on the total amount of ethylene and the comonomer. When a comonomer is used in an amount of more than 1 
mol %, based on the total amount of ethylene and the comonomer, the resultant copolymer is likely to have a disad- 
vantageously low density, so that practical problems, such as lowering of the stiffness of the copolymer, are likely to 

10 arise. 

[0131] In the present Invention, it is preferred that the high density ethylene polymer be produced by homopolymer- 
izing ethylene or copolymerizing ethylene with at least one comonomer selected from the group consisting of an a- 
olefin represented by the formula H2C = CHR^^ (wherein R^^ js methyl, ethyl, a C3-C18 linear, branched or cyclic alky I 
group or a C6-C20 aryl group), a C3-C20 cyclic olefin, a C4-C20 linear or cyclic diene, and a C5-C20 branched diene, in 

15 the presence of the above-mentioned polymerization catalyst comprising components (A), (B) and (C). 

[0132] Examples of a-olefins represented by the formula HjC = CHR^s (wherein R^s is as defined above include 
propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 
1-hexadecene, 1-octadecene, 1-eicosene, vinylcyclohexane and styrene. Examples of C3-C20 cyclic olefins include 
cyclopentene, cycloheptene, norbornene, 5-methyl-2-norbornene, tetracyclododecene and 2-methyl-1 .4,5.8-dimeth- 

20 ano-1, 2.3.4 ,4a,5,8,8a-octahydronaphthalene. Examples of C4-C20 dienes include 1,3-butadiene, 1.4-pentadiene, 
1,5-hexadiene, 1 ,4-hexadiene and cyclohexadiene. 

[01 33] The density and properties of the ethylene polymer can be controlled by appropriately selecting a comonomer 

from the above-mentioned comonomers, and copolymerizing ethylene with the comonomer. 

[0134] In the present invention, the polymerization and copolymerization of ethylene can be conducted by either a 

25 suspension polymerization method or a gaseous phase polymerization method. 

[0135] When a suspension polymerization is employed, the same solvent as the above-mentioned inert hydrocarbon 
solvents usable for preparing component (B) can be used. A certain olefin can also be used as the solvent. 
[0136] In the polymerization method of the present invention using the above-mentioned polymerization catalyst, it 
is preferred that the amount of the catalyst fed to the system for homopolymerizing or copolymerizing ethylene be 

30 controlled so that the amount of component (B) becomes 1 to 0,001 % by weight, relative to the total weight of the 
polymer obtained per hour. The polymerization temperature is generally not lower than 0 °C, preferably not lower than 
50 ^C, more preferably not lower than 60 °C, and, on the other hand, generally not higher than 150 ''C, preferably not 
higher than 1 1 0 **C, more preferably not higher than 1 00 **C. The polymerization pressure is generally firom atmospheric 
pressure to 100 kg/cm^, preferably from 2 to 50 kg/cm2, more preferably from 5 to 30 kg/cm2. The polymerization 

35 reaction can be conducted in a batchwise, a semi-continuous or a continuous manner. Further, the polymerization 
reaction can be conducted in at least two stages, wherein the respective reaction conditions in the two stages are 
different from each other. 

[0137] The molecular weight of the ethylene polymer can be controlled by introducing hydrogen gas into the polym- 
erization reaction system or by controlling the polymerization temperature (see, for example, DE 3127133.2). For ex- 

40 ample, by maintaining a predetermined amount ratio of the introduced hydrogen gas to the ethylene in the polymeri- 
zation reaction system during the reaction, a high density ethylene polymer having a predetennined molecular weight 
can be easily obtained. In the present invention, it is recommended to control the molecular weight of the high density 
ethylene polymer by the above-mentioned method in which a predetermined amount ratio of the introduced hydrogen 
gas to the ethylene is maintained in the polymerization reaction system during the reaction. 

^5 [0138] In the present invention, the olefin polymerization catalyst can contain other components than mentioned 
above, which have favorable effects on the olefin polymerization. 

BEST MODE FOR CARRYING OUT THE INVENTION 

50 [0139] The present invention will now be further illustrated in more detail with reference to the following Examples 
and Comparative Examples, which should not be construed as limiting the scope of the present invention. 

Example 1 

55 [Preparation of a suspension of silica having methylaluminoxane carried thereon] 

[0140] In a 200 ml glass flask which had been fully purged with nitrogen gas were placed 4.0 g of silica (which is 
manufactured and sold by Fuji Silysia Chemical Ltd.. Japan, and has a pore volume of 1.10 cm^/g, a specific surface 
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area of 318 m^/g, a bulk density of 0.38 g/cm^ and a hydroxyl group content of 4.1 % by weight) and 40 ml of toluene, 
and stirring was conducted to obtain a suspension. The obtained suspension was cooled to -10 ""C. To the cooled 
suspension was dropwise added 30 ml of a solution of methylaluminoxane (manufactured by Albemarle Corporation, 
U.S.A.) in toluene (Al concentration: 1 .0 mol/liter) over 1 hour, while maintaining the temperature of the suspension at 
5 -10 °C. The temperature of the resultant mixture was maintained at 0 ''C for 1 hour, then at room temperature for 1 
hour, and then, at 110 ''C for 3 hours, to thereby effect a reaction. During a series of the above operations, generation 
of methane gas from the mixture was observed. Then, the mixture was cooled to 20 so that a suspension of silica 
having methylaluminoxane (MAO) carried thereon was obtained. 

10 [Polymerization] 

[0141] In a 1 .6 liter stainless autoclave as a polymerizer, which had been fully purged with nitrogen gas, was placed 
0.8 liter of hexane. Then, to the autoclave was added 0.2 mmol of triisobutylaluminum and further added the above- 
prepared silica suspension in an amount of 0.3 mmol in terms of the amount of aluminum of methylaluminoxane earned 
15 on the silica. Then, to the polymerizer was introduced 10 N ml of hydrogen and further introduced ethylene, so that 
the intemal pressure of the polymerizer became 7 kg/cm2-G. The internal ternperature of the polymerizer was adjusted 
to 65 '^C. 

[0142] A solution of bis(indenyl)zirconium dichloride in toluene (concentration: 2.5 mmol/liter) was introduced to the 
polymerizer in an amount of 1 .0 p.mol in terms of the amount of zirconium and, immediately after that, the intemal 

20 temperature of the polymerizer was elevated to 70 °C, to thereby start a polymerization reaction of the ethylene. 

[0143] The polymerization reaction was carried out while maintaining the temperature at 70 °C and maintaining the 
internal pressure of the polymerizer at 7 kg/cm^-G by supplying ethylene gas to the polymerizer. Hydrogen was intro- 
duced to the polymerizer, in an amount of 130 ml (NTP) relative to 1 kg/cm^-G of the consumed ethylene. The polym- 
erization reaction was continued until the total amount of the consumed ethylene reached 1.5 kg/cm^-G. 

25 [0144] After completion of the polymerization reaction, the reaction mixture obtained in the polymerizer was trans- 
ferred to a stainless container containing methanol. The resultant mixture was subjected to filtration to thereby obtain 
a polymer. The obtained polymer was dried at 50 ""C ovemight. 

[0145] The polymerizer was opened, and the inside thereof was examined. No polymer adhering to the Inner wall 
and the like of the polymerizer was observed. 
30 [0146] The reaction conditions and results of the polymerization are shown in Tables 1 and 2. 

[0147] With respect to the obtained polymer, the relationship between the M| and the Izod impact strength, the rela- 
tionship between the M, and the density (d) and the relationship between the M, and the M,f^ are shown in Figs. 1 to 
3, respectively. 

[0148] Further, with respect to the obtained polymer, the molecular weight distribution curve and a plurality of Gaus- 
35 sian distribution curves obtained by the resolution of the molecular weight distribution curve are shown in Fig. 4. 

Examples 2 to 5 

[0149] Polymerization reactions were individually conducted in substantially the same manner as in Example 1, 
40 except that the total amount of hydrogen introduced to the polymerizer was varied. 

[0150] The reaction conditions and results of the polymerization are shown in Tables 1 and 2. 
. . [01 51] With respect to each of.the obtained polymers the relationship between the M| and theJzod impact strength, 
the relationship between the M, and the density (d), and the relationship between the M, and the M|f^ are shown in 
Figs. 1 to 3. respectively. 

45 

Examples 6 to 9 

[0152] Polymerization reactions were individually conducted in substantially the same manner as in Example 1, 

except that various amounts of 1-hexene were added to the polymerizer as a comonomer. 
50 [01 53] The reaction conditions, such as the amount of 1 -hexene added, and results of the polymerization are shown 
in Tables 1 and 2. 

[01 54] With respect to each of the obtained polymers the relationship between the M, and the Izod impact strength, 
the relationship between the M| and the density (d). and the relationship between the M| and the M|p are shown in 
Figs. 1 to 3, respectively. 

55 

Comparative Examples 1 and 2 

[01 55] Polymerisation reactions were individually conducted in substantially the same manner as in Example 1 except 
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that (n-butylcyclopentadienyl)zirconium dichloride was employed instead of bis(indenyl)zirconium dichloride and that 
the amount of hydrogen introduced ti the polymerizer was varied. 

[0156] The reaction conditions and the results of the polymerisation are shown In Tables 1 and 2. 
[0157] With respect to each of the obtained polymer, the relationship between the M| and the Izod impact strength, 
the relationship between the IVI| and the density (d) and the relationship between the M| and the M|p are shown in Figs. 
1 to 3, respectively. 

[0158] Further, with respect to ethylene polymers produced using a conventional Ziegler-Natta catalyst, the relation- 
ship between the Mj and the Izod impact strength and the relationship between the M| and the density (d) are also 
shown in Figs. 1 and 2, respectively. 

Table 1 





Zr (^mol) 


MAO (mmol) 


H2 (ml) (NTP) 


1-Hexene (mmol) 


Yield (g) 


Example 1 


A, 1.0 


0.3 


192 


0 


43 


Example 2 


A. 1.0 


0.3 


128 


0 


47 


Example 3 


A. 1.0 


0.3 


91 


0 


45 


Example 4 


A, 1.0 


0.3 


64 


0 


47 


Example 5 


A, 1.0 


0.3 


290 


0 


46 


Example 6 


A. 1.0 


0.3 


189 


40 


40 


Example 7 


A, 1.0 


0.3 


131 


40 


48 


Example 8 


A, 1.0 


0.3 


67 


40 


43 


Example 9 


A, 1.0 


0.3 


185 


80 


45 


Comparative Example 1 


B, 1.0 


0.3 


40 


0 


45 


Comparative Example 2 


B. 1.0 


0.3 


80 


0 


48 



[Note] 

A: bis(indenyl)zirconium dichloride 

B: bis(n-butylcyclopentadienyl)ziroonium dichtoride 

MAO: methylaluminoxane 
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INDUSTRIAL APPLICABILITY 

[0159] The high density ethylene polymer of the present invention has excellent moldability, such as high melt flow- 
ability and excellent extrusion moldability, so that the ethylene polymer can be advantageously used especially in 
5 injection molding method. Further, the high density ethylene polymer of the present invention can be advantageously 
used for producing an excellent molded article which has not only excellent mechanical properties, such as high impact 
resistance and high stiffness, but also excellent appearance, such as high transparency and excellent surface gloss. 



10 Claims 

1. A high density ethylene polymer comprising a homopolymer of ethylene, or a copolymer of ethylene with at least 
one comonomer selected from the group consisting of an a-olefin, a cyclic olefin, and linear, branched and cyclic 
dienes, and having the following properties (a) to (h): 

15 

(a) a density d (g/cm^) of from 0.951 to 0.980; 

(b) an M| (g/10 minutes) of more than 5 and not more than 100, wherein M| is defined as the melt flow rate as 
measured at 190 °C under a load of 2.16 kg; 

(c) said ethylene polymer satisfying the following relationship: 

20 

log a,^, § -0.844 log M, + 1.462 

wherein M, is as defined above, and a^| represents the Izod impact strength (kgf-cm/cm^); 
25 (d) said ethylene polymer satisfying the following relationship: 

log M,R ^ -0.094 log Mf + 1 .520 

30 wherein M, is as defined above, and M|p represents the H^i/M, ratio in which H^i (g/10 minutes) is defined 

as the melt flow rate as measured at 190 °C under a load of 21 .6 kg and M, is as defined above; wherein 

(e) said density d (g/cm^) and said M| (g/10 minutes) satisfy the following relationship: 

d ^ -0.00873 log M, + 0.972, and 

(f) said M|p is not less than 25 and not more than 40; 

(g) an Mw of 30,000 or more, wherein Mw is defined as a weight average molecular weight measured by gel 
permeation chromatography; and 

40 (h) an Mw/Mn ratio in the range of from 5.0 to 10.0, wherein Mw and Mn, respectively, represent the weight 

average molecular weight and the number average molecular weight, each measured by gel permeation chro- 
matography. 

2. The high density ethylene polymer according to claim 1 , which is an injection molding material. 

45 

3. The high density ethylene polymer according to cjaim 1 or 2, wherein said density d is 0.955 or more. 

4. The high density ethylene polymer according to any one of claims 1 to 3, which is a copolymer of ethylene with at 
least one comonomer selected from the group consisting of a C3-C20 cyclic olefin, C4-C20 linear and cyclic dienes. 

50 C5-C20 branched dienes and an a-olefin represented by the fonmula H2C = CHR^^ wherein R^^ jg methyl, ethyl, a 

C3-C18 linear, branched or cyclic alkyi group or a Cg-C2o Q^oup, said comonomer being present in an amount 
of not more than 1 mole %, based on the total number of moles of all monomer units constituting said ethylene 
polymer. 

55 5. The ethylene polymer according to claim 4, wherein said comonomer is selected from the group consisting of 
propylene, 1-butene, 1-pentene. 1-hexene,4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 

1- hexadecene, 1-octadecene. 1-eicosene, vinylcyclohexane, cyclopentene, cycloheptene, norbornene, 5-methyl- 

2- norbomene, tetracyclododecene. 2-methyl-1 .4, 5.8-dimethano-1 .2.3,4,4a.5.8,8a-octahydronaphthalene. 
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1,3-butadiene, 1,4-pentadiene, 1 .5-hexadiene, 1 ,4-hexadiene, and cyclohexadiene. 

A method for producing a high density ethylene polymer of claim 1, which comprises homopolymerizing ethylene 
or copolymerizing ethylene with at least one comonomer selected from the group consisting of an a-olefin, a cyclic 
olefin, and linear, branched and cyclic dienes. in the presence of a catalyst comprising the following components 
(A), (B) and (C): 

(A) a transition metal compound represented by the formula (1) 



' M represents a transition metal selected from the group consisting of zirconium, titanium and hafnium; 
each of and Independently represents: 

an indenyl group which is unsubstituted or substituted with at least one substituent selected from the 
group consisting of a C^-C2o alkyi group, a Cg-C2o aryl group, an aralkyi group having a C1-C20 alkyi 
group substituted with at least one Ce-C2o aryl group, and an alkylaryl group having a C^-C^q aryl 
group substituted with at least one 01-020 a'^l group, wherein each alkyI group is independently of 
a linear, a branched or a cyclic configuration and wherein at least one carbon atom of said at least 
one substituent is optionally replaced by a silicon atom. 

said substituted indenyl group optionally having a substitution in which at least two positions thereof 
together are substituted with one substituent group, having a valence of two or more, derived from a 
substituent selected from said at least one substituent. said substituted indenyl group optionally having 
at least one substituent thereof bonded thereto through an oxygen, a nitrogen, a sulfur or a phosphorus 

atom; 

each of R^ and R^ independently represents a hydrogen atom, a halogen atom, a 0^-02o alkyi group, a 
0^-020 aryl group, an aralkyi group having a C1-C20 alkyI group substituted with at least one Cg-C2o aryl 
group, an alkylaryl group having a O6-O20 aryl group substituted with a C1-C20 alkyI group, or a -SOsR^ 
group wherein R^ is a O^-Cs hydrocarbon group which is unsubstituted or substituted with at least one 
halogen atom, wherein each alkyI group is independently of a linear, a branched or a cyclic configuration 
and wherein at least one carbon atom of at least one of said alkyI, aryl, aralkyi and alkylaryl groups is 
optionally replaced by a silicon atom; and 
each of R^ R^, R^ and R^ is bonded to said transition metal M; 

(B) an inorganic solid component comprising a particulate inorganic solid (b-1) having hydroxyl groups on a 
surface thereof and, carried thereon, an organoaluminumoxy compound (b-2) having repeating alkyloxyalu- 
minum units each represented by the formula (5) 



wherein R® represents a 0^-C^2 ^'^ear, branched or cyclic alkyI group; and 
(0) an organoaluminum compound, 

wherein said components (B) and (0) are intimately mixed and contacted with each other to fomi an intimate 
mixture of components (B) and (C). and said intimate mixture and said component (A) are separately introduced 
into a system for homopolymerizing or copolymerizing ethylene, followed by polymerization. 

The method according to claim 6, wherein said component (0) is a compound represented by the following formula 



r^rVr^m 



(1) 



wherein: 





(5) 
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(6) or (7): 

5 

wherein represents a linear, branched or cyclic alkyi group or a C6-C20 aryl group; X represents 

a halogen atom or a hydrogen atom; and n is an integer of from 1 to 3; or 

10 R>1Y3^ (7) 



30 



50 



wherein R^ is as defined for formula (6); Y represents an -OR^ group, an -OSiR^ group, an -AIR^° group, 
an -NR^^ group, an -SiR^^ group or an - N(R13)aiR^ group, wherein each of R^, R^, R^o and R^"^ independently 
represents a CyC^2 alkyPgroup or a C6-C20 aryl group, R^^ represents a hydrogen group, a 0^-0^2 alkyI group, 
a CQ-C20 aryl group or a sllyl group which is unsubstituted or substituted with at least one ^'kyl group, and 
each of R^^ and R^^ independently represents a 0^-0^2 alkyI group, with the proviso that each alkyI group is 
independently of a linear, a branched or a cyclic configuration; and n is 1 or 2. 

8. The method according to claim 6 or 7, wherein, in said component (B). said particulate inorganic solid (b-1 ) having 
^ hydroxyl groups on the surface thereof is at least one member selected from the group consisting of Si02, AI2O3, 

MgO, Zr02, Ti02, B2O3. CaO, ZnO, BaO, V2O5, CrjOa and Th02. 

9. The method according to claim 6 or 7, wherein, in said component (B), said particulate inorganic solid (b-1) having 
hydroxyl groups on the surface thereof is silica. 

25 

10. The method according to any one of claims 6 to 9, wherein, in copolymerizing ethylene, ethylene Is copolymerized 
with at least one comonomer selected from the group consisting of a C3-C20 cyclic olefin, C4-C20 linear and cyclic 
dienes, C5-C20 branched dienes and an a-olefin represented by the formula H2C = CHR'^^ wherein R^^ js methyl, 
ethyl, a C3-C18 linear, branched or cyclic alkyI group or a Ce-C2o aryl group. 

Patentanspruche 

1. Ethylenpolymer hoher Dichte, welches ein Homopolymer aus Ethylen Oder ein Copolymer von Ethylen mit minde- 
stens einem Comonomer enthalt, das aus der Gruppe ausgewahit ist, die aus einem a-Olefm, einem cyclischen 
Olefin und linearen, verzweigten und cyclischen Dienen besteht, und das die folgenden Eigenschaften (a) bis (h) 
hat: 

(a) eine Dichte d (g/cm^) von 0,951 bis 0,980; 

(b) eine M| (g/10 Minuten) von mehr als 5 und nicht mehr als 100, worin M| als der Schmelzindex definiert ist. 
der bei 190''C unter einer Belastung von 2,16 kg gemessen wird 

(c) das Ethylenpolymer erfullt die folgende Beziehung: 

^5 log a^i ^ -0,844 log M, + 1 . 462 

worin M, wie vorstehend definiert ist und aj^, die Kerbschlagzahigkeit nach Izod (kgf cm/cm^) darsteilt; 

(d) das Ethylenpolymer erfullt die folgende Beziehung: 



log M|R ^ -0,094. log M, + 1,520 



worin M, wie vorstehend definiert ist und M,r das Verhaltnis Hm,/M, darsteilt, worin Hmi (g/10 Minuten) 
als Schmelzindex definiert ist. der bei 190°C unter einer Belastung von 21.6 kg und gemessen wird, und M, 
^ wie vorstehend definiert ist; 

worin 

(e) die Dichte d (g/cm^) und M, (g/10 Minuten) die folgende Beziehung erfullen: 
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d ^ -0,00873 log M, + 0,972 und 

(f) M|p{ nicht weniger als 25 und nicht mehr als 40 ist; 

(g) ein Mw von 30 000 Oder mehr, worin Mw als Gewichtsmittel des Molekulargewichts, gemessen durch 
Gelpemfieationschromatographie, deflniert ist; und 

(h) ein Verhaltnis Mw/Mn im Bereich von 5,0 bis 10,0 worin Mw bzw. Mn das Gewichtsmittel des Molekular- 
gewichts bzw. das Zahlennnittel des Molekulargewichts darstellen, Jewells gemessen durch Gelpermeations- 
chromatographle. 

Ethylenpolymer hoher Dichte nach Anspruch 1, welches ein Spritzgiedmaterial ist. 

Ethylenpolymer hoher Dichte nach Anspruch 1 oder 2, worin die Dichte d 0,955 oder hoher ist. 

Ethylenpolymer hoher Dichte nach einem der Anspruche 1 bis 3, welches ein Copolymer von Ethylen mit minde- 
stens einem Comonomer ist, das aus der Gruppe ausgewahit ist, die aus einem C3-C20 cyclischen Olefin, C4-C20 
linearen und cyclischen Dienen, C5-C20 verzweigten Dienen und einem a-Olefin besteht, das durch die Formel 
H2C = CHR^s dargestellt ist, worin R^^ Methyl, Ethyl, eine C3-C20 lineare, verzweigte oder cyclische Alkylgruppe 
Oder eine C6-C2o-Arylgruppe ist, wobei das Comonomer in einer Menge von nicht mehr als 1 Mol-%, bezogen auf 
die Gesamtmolzahl aller Monomereinheiten, die in dem Ethylenpolymer enthalten sind, vorhanden ist. 

Ethylenpolymer nach Anspruch 4, worin das Comonomer aus der Gruppe ausgewahit ist, die aus Propylen, 1-Bu- 
ten, 1-Penten, 1-Hexen, 4-Methyl-1-penten, 1-Octen, 1-Decen, 1-Dodecen, 1-Tetradecen, 1-Hexadecen, 1-Octa- 
decen, 1-Eicosen, Vinylcyclohexan, Cyclopenten, Cyclohepten, Norbornen, 5-Methyl-2-norbornen, Tetracyclodo- 
decen, 2-Methyl-1,4, 5,8-dimethan-1,2,3,4,4a,5.8,8a-octahydronaphthalin, 1,3-Butadien, 1,4-Pentadien, 1,5-He- 
xadien, 1 .4-Hexadien und Cyclohexadien ausgewahit ist. 

Verfahren zur Herstellung eines Ethylenpolymers hoher Dichte nach Anspruch 1 , welches die Homopolymerisation 
von Ethylen oder die Copolymerisation von Ethylen mit mindestens einem Comonomer, das aus der Gruppe aus- 
gewahit ist, die aus einem a-Olefin, einem cyclischen Olefin und linearen, verzweigten und cyclischen Dienen 
besteht, in Anwesenheit eines Katalysators umfa&t, der die folgenden Komponenten (A), (B) und (C) enthalt: 

(A) eine Obergangsmetallverbindung der Formel (1) 

R^R^R^R^M (1) 

worin: 

M ein Obergangsmetall darstellt. das aus der aus Zirkonium, Titan und Hafnium bestehenden Gruppe 
ausgewahit ist; 

R1 und R^ jeweils unabhangig voneinander darstellen: 

eine Indenylgruppe, die unsubstituiert oder mit mindestens einem Substituenten substituiert ist, der 
aus der aus einer C^-C2o-Alkylgruppe, einer C6-C2o-Arylgruppe, einer Aralkylgruppe mit einer C1-C20- 
Alkylgruppe, die mit mindestens einer C6-C2o-Arylgmppe substituiert ist, und einer Alkylarylgruppe 
mit einer C6-C2o-Arylgruppe, die mit mindestens einer C^-C2o-Alkylgruppe substituiert ist, bestehen- 
den Gruppe ausgewahit ist, worin jede Alkylgruppe unabhangig voneinander eine lineare, verzweigte 
Oder cyclische Konfiguration einnimmt und worin mindestens ein KohlenstofFatom des mindestens 
einen Substituenten gegebenenfalls durch ein Siliciumatom ersetzt ist, 

worin die substituierte Indenylgruppe gegebenenfalls eine Substitution aufweist, worin mindestens 
zwei Positionen gemeinsam mit einer Substituentengruppe substituiert sind, welche zweioder hdher- 
wertig ist und von einem Substituenten abgeleitet ist, der unter dem mindestens eInen Substituenten 
ausgewahit ist, 

worin die substituierte Indenylgruppe gegebenenfalls mindestens einen Substituenten aufweist, der 
uber ein Sauerstoff-, Stickstoff-, Schwefel- oder ein Phosphoratom daran gebunden ist; 
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R3 und jeweils unabhangig voneinander ein Wasserstoffatom, ein Halogenatom, eine C1-C20-AI- 
kylgruppe, eine C6-C2o-Alkylgruppe, eine Aralkylgruppe mit einer Ci-C2o-Alkylgruppe, die mit mindestens 
einer C6-C2o-Arylgruppe substituiert. ist, eine Alkylarylgruppe mit einer C6-C2o-Arylgruppe, die mit min- 
destens einer Ci-C2o-Alkylgruppe substituiert ist, Oder eine -S03R5-Gnjppe darstellen, worin R^ eine 
C^-Cs-Kohlenwasserstoffgruppe ist, die unsubstituiert oder mit mindestens einem Halogenatom substitu- 
iert ist, worin jede Alkylgruppe unabhangig eine lineare, verzweigte oder cyclische Konfiguration aufweist 
und worin mindestens ein KohlenstofFatom mindestens einer der AlkyI-, Aryl-, AralkyI- und Alkylarylgrup- 
pen gegebenenfalls durch ein Siliciumatom ersetzt ist; und 
R^ R^, R3 und R^ jeweils an das Ubergangsmetall M gebunden sind; 

(B) eine anorganische feste Komponente, die einen teilchenformigen anorganischen FeststofF (b-1) mit Hy- 
droxygruppen an dessen Oberftache und, davon getragen, eine Organoaluminoxyverbindung (b-2) mit wie- 
derkehrenden Alkyloxyaluminiumeinheiten der Fomiel (5) hat 



R6 



"(Al-O)- (5) 

worin R® eine C^-C^2~'in®3>'^' verzweigte oder cyclische Alkylgruppe darstellt; und 
(C) eine Organoaluminiumverbindung, 

worin die Komponenten (B) und (C) innig venmischt werden und unter Bitdung eines innigen Gemisches der Kom- 
ponenten (B) und (C) miteinander in Beruhrung stehen, und wobei das innige Gemisch und die Komponente (A) 
getrennt voneinander in ein System fur die Homopolymerisation oder Copolymerisation von Ethylen eingefuhrt 
werden und danach die Polymerisation durchgefuhrt wird. 

Verfahren nach Anspruch 6, wobei die Komponente (C) eine Verbindung Ist, die durch die folgende Formel (6) 
Oder (7) dargestellt ist: 

R'nAIX3^ (6) 

worin F7 eine C^-Ci2-lineare, verzweigte oder cyclische Alkylgruppe Oder eine Cg-C2o-Arylgruppe darstellt; 
X ein Halogenatom oder ein Wasserstoffatom darstellt und n eine ganze Zahl von 1 bis 3 ist; oder 

R'nAIYj^ (7) 

worin R7 wie in Formel (6) definiert ist, Y eine -OR^-Gruppe, eine -OSiRVGruPP©. -AIR^iVGruppe. 
eine -NR''i2-Gnjppe, eine -SiR^ V^ruppe, oder eine -N(Ri3)AIRiVGruppe ist, worin R^, R9, R10 und R^^ jeweils 
unabhangig voneinander eine Ci-Ci2-Alkylgruppe oder eine C6-C2o-Arylgruppe darstellen, R^^ ein Wasserstoffa- 
tom, eine Ci-Ci2-Alkylgnjppe, eine C6-C2o-Arylgruppe oder eine Silylgruppe darstellt, die unsubstituiert oder mit 
mindestens einer Ci-C^2'*Alkylgruppe substituiert ist, eine und R^^ und R^^ jeweils unabhangig voneinander eine 
Ci-Ci2''Alkylgruppe darstellen, mit der MaHgabe, da& jede Alkylgruppe unabhangig voneinander eine lineare, 
verzweigte oder cyclische Konfiguration aufweist. und n 1 oder 2 ist. 

Verfahren nach Anspruch 6 oder 7, wobei in der Komponente (B) der teilchenfonnige anorganische Feststoff (b- 
1) mit Hydroxygruppen auf dessen Oberflache mindestens ein Mitglied der Gruppe ist, die aus Si02, AI2O3, MgO, 
MgCl2, Zr02, T1O2, B2O3, CaO, ZnO, BaO, V2O5. Cr203 und Th02 besteht. 

Verfahren nach Anspruch 6 oder 7, wobei in der Komponente (B) der teilchenformige anorganische Feststoff (b- 
1) mit Hydroxygruppen auf dessen Oberflache Siliciumdioxid ist. 
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10. Verfahren nach einem der Anspruche 6 bis 9, wobei bei der Copolymerisation von Ethylen das Ethylen mit min- 
destens einem Comonomer copolymerlsiert wird, das aus der Gruppe ausgewahit ist, die aus einem C3-C20 cy- 
clischen Olefin, C4-C20 linearen und cyclischen Dienen, C5-C20 verzweigten Dienen und einem a-Olefin besteht, 
das durch die Fomiel H2C = CHR^s dargestellt ist, worin R^s eine Methyl-, Ethyl-, eine C3-C18 Hneare, verzwelgte 
Oder cyclische Alkylgruppe oder eine CQ-C20''Arylgruppe ist. 



Revendlcations 

1 . Polym^re d'^thyl^ne d haute density comprenant un homopolymSre d'ethyl^ne, ou u n copolym^re d'^thyl^ne avec 
au moins un comonom§re choisi dans le groupe comprenant une a-ol6fine, une ol^fine cyclique et des didnes 
lin^aires, ramifies et cycllques, et ayant las propri^t^s (a) d (h) suivantes : 

(a) une densite d (g/cm^) de 0,951 ^ 0.980; 

(b) un M| (g/10 minutes) de plus de 5 et de pas plus de 100, dans lequel M| est defini par te debit de masse 
fondue tel que mesur6 d IQC'C sous une charge de 2,16 kg; 

(c) ledit polymdre d'^thyldne satisfaisant d la relation sulvante : 

log a^i ^-0,844 log M, + 1.462 

dans laquelle M, est tel que defini prScSdemment, et ai^ repr^sente la resistance au choc Izod (kgf.cm/cm^); 

(d) ledit polymere d'ethyl^ne satisfaisant k la relation suivante : 

log M,F( ^ - 0,094 log M, + 1,520 

dans laquelle M| est tel que defini prec^demment, et M|p repr6sente le rapport H^[/M\ dans lequel H|^| (g/10 
minutes) est defini par le debit de masse fondue tel que rnesur^ d 190°C sous une charge de 21,6 kg et M| 
est tel que defini pr6c6demment; dans lequel 

(d) la density d (g/cm^) et le M| (g/10 minutes) pr^cit^s satisfont k la relation suivante : 

d > -0.00873 log M, + 0,972, et 

(f) ledit M|p{ n'est pas inf^rieur ^ 25 et pas superieur d 40; 

(g) un Mw de 30.000 ou plus, dans lequel Mw est defini par le polds molecutaire moyen pond^ral mesur^ par 
chromatographie de pemrieation sur gel; et 

(h) un rapport Mw/Mn allant de 5,0 ^ 10,0, dans lequel Mw et Mn repr^sentent, respectivement, le poids 
moleculaire moyen pond^ral et te poids moieculaire moyen num^rique, chacun mesur^ par chromatographie 
de permeation sur gel. 

2. Polymere d'^thyl&ne h haute density suivant la revendlcation 1, qui est une mati^re de moulage par injection. 

3. Polymdre d'^thyl^ne ei haute density suivant I'une ou I'autre des revendlcations 1 et 2, dans lequel la density 
pr^cit^e d est de 0,955 ou plus. 

4. Polymere d'6thyl§ne d haute density suivant Tune quelconque des revendlcations 1 d 3, qui est un copotym^re 
d'^thyl^ne et d'au moins un comonom^re choisi dans le groupe comprenant une define cyclique en C3-C20. les 
di^nes linSaires et cycliques en C4-C20, les di^nes ramifies en C5-C20 et une a-ol§fine representee par la formule 
H2C = CHR15 dans laquelle R^^ est du methyle. de rethyle, un groupe alkyle lineaire, ramifi§ ou cyclique en CyC^Q 
ou un groupe aryle en Ce-C2o> ledit comonomere etant present en une quantity de pas plus de 1 mole %, par 
rapport au nombre total de moles de toutes les unites de monomere constituant le polymere d*ethyiene precite. 

5. Polymere d*ethyiene suivant la revendication 4, dans lequel le comonomere precite est choisi dans le groupe 
comprenant le propylene, le 1-butene, le 1-pentene, le 1-hexene, Ie4-methyl-1-pentene, le 1-octene, le 1-decene, 
le 1-dodecene, le 1-tetradecene, le 1-hexadecene, le 1-octadecene, le 1-eicosene, le vinylcyclohexane, le cyclo- 
pentene, le cycloheptene, le norborn6ne, le 5-m6thyl-2-norbomene, le tetracyclododecene, le 2-m6thyl-1 .4, 5.8-di- 
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m6thano-1,2,3,4.4a.5,8,8a-octahydronaphtal§ne, le 1,3-butadidne, le 1,4-pentadi6ne, le 1.5-hexadi§ne, le 
1 ,4-hexadi6ne et le cyciohexadi^ne. 

Proc6d6 de production d'un polym6re d'6thyl6ne ^ haute density suivant la revendication 1 , qui comprend Thomo- 
polym^risation d'^thyl^ne ou la copolym^rlsation d'^thyldne avec au moins un comonomere choisi dans le groupe 
comprenant une a-ol^fine, une olSfine cyclique et des dienes lin^aires, ramifies et cycltques, en presence d'un 
catalyseur comprenant les composants (A). (B) et (C) suivants : 

(A) un compost de m^tal de transition repr6sent§ par la fomnule (1 ) : 

rV^rVm (1) 

dans laquelle : 

M repr^sente un m^tal de transition choisi dans le groupe comprenant le zirconium, le titane et I'hafnium; 
R"* et R2 representent chacun ind6pendamment un groupe ind^nyle qui est non substitu6 ou substitu6 
avec au moins un substituant choisi dans le groupe comprenant un groupe alkyle en Ci-C2o. un groupe 
aryle en C5-C2o> un groupe aralkyle comportant un groupe alkyle en C1-C20 substitu^ avec au moins un 
groupe aryle en Cg-C2o et un groupe alkytaryle comportant un groupe aryle en Cg-C2o substrtue avec au 
moins un groupe alkyle en C1-C20. dans lesquels cheque groupe alkyle est ind^pendamment d*une con- 
figuration lineaire, ramifi^e ou cyclique et dans lesquels au moins un atome de carbone d'au moins un 
substituant pr6cit6 est ^ventuellement remplac^ par un atome de silicium. 

ledit groupe ind6nyle substitu§ comportant 6ventuellement une substitution dans laquelle au moins deux 
de ses positions ensemble sont substitutes avec un groupe substituant, ayant une valence de 2 ou plus, 
provenant d*un substituant choisi parmi au moins le substituant precitt, ledit groupe indenyle substitut 
comportant tventuellement au moins un de ses substituants lie par un atome d'oxyg^ne, d'azote, de 
soufre ou de phosphore; 

R3 et R"* representent chacun independamment un atome d'hydrogene, un atome d'halogene, un groupe 
alkyle en C1-C20. un groupe aryle en Cg-C2o. un groupe aralkyle comportant un groupe alkyle en C1-C20 
substitu6 avec au moins un groupe aryle en Cg-C2o. un groupe alkylaryle comportant un groupe aryle en 
C6-C20 substitu6 avec un groupe alkyle en C^-C2o, ou un groupe -SO3R5 dans lequel R^ est un groupe 
hydrocarbon^ en C-t-Cg qui est non substitut ou substitue avec au moins un atome d'halogene, dans 
lesquels cheque groupe alkyle est independamment d'une configuration lineaire, ramifite ou cyclique et 
dans lesquels au moins un atome de carbone d'au moins un des groupes alkyle, aryle. aralkyle et alkylaryle 
prtcltes est 6ventuelleme.nt remplac6 par un atome de silicium; et 
R\ R^, R3 et R4 sont chacun Il6s au m6tal de transition M prtcite; 

(B) un composant solide inorganique comprenant un sollde inorganlque particulaire (b-1) comportant des 
groupes hydroxyle sur une de ses surfaces, et qui supporte un compost organoaluminumoxy (b-2) comportant 
des unites structurales d'alkyloxyaluminium representees chacune par la fomnule (5) : 



I 

fAl-<H (5) 

dans laquelle R^ represente un groupe alkyle lineaire, ramifie ou cyclique en C^-C^2' ®^ 

(C) un compose organoalumlnlque, 

dans lequel les composants (B) et (C) precites sont intimement melanges et mis en contact Tun avec I'autre pour 
former un melange intime de composants (B) et (C), et ledit melange intime et le composant (A) prtcites sont 
Introduits separement dans un systtme pour homopofymeriser ou copolymeriser de rethyltne, operation suivie 
d'une polymerisation. 

Precede suivant la revendication 6, dans lequel le composant (C) precite est un compose represente par la formula 
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(6) ou (7) suivante : 

R>IX3.„ (6) 



n 



dans laquelle represente un groupe alkyle lin^alre, ramifie ou cyclique en 0^-0^2 groupe aryle en 
Ce-C2o. X represente un atome d'halogene ou un atome d'hydrog^ne, et n est un nombre entier de 1 d 3; ou 

R>>Y3.„ (7) 



un 

R14 



10 '^n'^'^a-n 

dans laquelle R^ est tel que d6fini pour la formule (6), Y repr6sente un groupe -OR^, un groupe -OSiR^, 
groupe -AIR^°, un groupe -NRy , un groupe -SIR^^ ou un groupe -N(R13)AIR dans lesquels R®, R^, Rio ei F 
representent^chacun independlmment un groupe alkyle en C^'C^2 groupe aryle en Cg-C2o, R^^ represente 
un atome d'hydrog^ne, un groupe alkyle en CyC^2^ un groupe aryle en Cg-C2o ou un groupe silyle qui est non 
substitue ou substitue avec au moins un groupe alkyle en C1-C20, et R^^ et R^^ repr^sentent chacun ind^pendam- 
ment un groupe alkyle en CyC^2' ^ condition que chaque groupe alkyle solt independamment d'une configuration 
lin§aire, ramrfiee ou cyclique. et n est ^gal ^ 1 ou 2. 

8. Precede suivant Tune ou I'autre des revendication 6 et 7, dans lequel, dans le composant (B) precite, le solide 
inorganique particulaire (b-1) precite comportant des groupes hydroxyle d sa surface est au moins un membre 
choisi dans le groupe comprenant Si02, AI2O3. MgO, Zr02, Ti02, B2O3, CaO, ZnO, BaO, V265, Cr203 et Th02. 

9. Precede suivant I'une ou I'autre des revendications 6 et 7, dans lequel, dans le composant (B) precite, le solide 
inorganique particulaire (b-1) precite comportant des groupes hydroxyle e sa surface est de la silice. 

10. Precede suivant I'une quelconque des revendications 6 ci 9, dans lequel, dans la copolymerisatlon d'ethyiene, 
methylene est copolymerise avec au moins un comonomere choisi dans le groupe comprenant une define cyclique 
en C3-C20f les dienes Iin6aires et cycliques en C4-C20. les dienes ramifies en C5-C20 et une a-oiefine representee 

^ par la formule H2C = CHRi^, dans laquelle Ri^ est du methyle, de I'ethyle, un groupe alkyle lineaire, ramifie ou 

cyclique en CyC^^ ou un groupe aryle en C5-C2o> 
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